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66° MIPS by 1989. Over 100 
MIPS in the 1990's. 

At those speeds, Intel’s new 
80960 architecture is going to be 
miles ahead of other embedded 
control solutions. By enabling the 
execution of multiple instructions 
per clock, the 80960 architecture 
goes beyond simple RISC. Thus 
raising both the speed limit and 
your expectations. 

But you don’t have to wait 
to get on this virtual 
superhighway for 
embedded control. 
Because Intel offers a — 
family of processors that you 
can drive away with today. 
All based on the 80960 
architecture. 

Starting with the 


80900KB. The only 32- —ii_— 


bit embedded control "yg 
processor with a complete 
Floating-Point coprocessor. All 
on a single chip. 

Then there’s the 80960KA. 
A single chip 32-bit embedded 
control processor with a direct 
upgrade path to 66 MIPS in 1989, 
Available in more economical 
versions, without Floating-Point, 


at 16-,20- and 25 MHz. 

And for military applications, 
Intel offers the 80960MC. The 
only 32-bit embedded control 
processor with hardware multi- 
processing capabilities on a 
single chip. 

We also supply all the 
development support you need. 
Including high-level languages 
for a variety of industry-standard 
hosts, and the ICE” 80960 
_ development tool. 

_» _ The result is the world’s 
first fully supported 32- 
~ bit architecture 
wae §6clesigned 
@ exclusively for 
embedded control. 
So why wait any 
longer? Our comprehensive 
80960 brochure gives you 


"the complete story. To receive 
it, just call (800) 548-4725 today 


and ask for Lit. Dept. #W475. 
With one phone call,your project 
can be on the road to 32-bit 
embedded control. 

And ready to accelerate. 


1988 Intel Corporation “Sustainable MIPS on-chip 
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IBM PC/XT/AT 


EES aor CHOICES ————s MUULTIBUS 


For OEM applications Software Choices 


Hardware interfaces and software drivers for OEMs 
who depend on superior products, pricing and 
technical support to make their products succeed. 


IBM PS/2 


Several software driver choices for each interface. 
Also, the menu-driven ASYSTANT GPIB package for 
scientific instrument control and data analysis. 


. Optional protection from unauthorized software 
Hardware interfaces for the IBM copying for users of the PS/2 and PC interfaces. 
PS/2, PC/XT/ATs, STD Bus and Ziatech’s world also includes STD Bus computers, 
MULTIBUS systems software development systems, and local industrial 


networks for test and control applications. 


=| ZIATrecrH 


CORPORATION 


3433 Roberto Court 

San Luis Obispo, CA 934041 
805/541-0488 

ITT Telex: 4992316 

Fax: 805/541-5088 


IBM, PS/2 and IBM PC/XT/AT are registered trademarks of 
International Business Machines, Inc. ASYSTANT GPIB is a 
trademark of Asyst Software Technologies, Inc. 


© Copyright 1988 by Ziatech Corporation 
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WHY VIG? ASK THE 
VME CONSORTIUM. 


The VME Consortium needed an economical, yet highly 
functional VME bus interface chip, to minimize design time 
... and to help raise the VME standard to higher levels. 

“We looked at the leading suppliers,” said Joe Ramunni, 
consortium chairman (and president of Mizar), ‘and VTC came 
out on top. Their CMOS standard-cell ASIC approach gave us 
the high drive capability we needed, optimized for bus inter- 
facing. And, it proved much more cost-effective, with higher 
performance, than gate array technology. ’ 

The VME Consortium is made up of such firms as Plessey 
Microsystems, Omnibyte Corporation, Mizar Inc., lronics Inc., 
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc., 
among others. What did they look for in a supplier? 

“We needed a credible business partner,’ said Ramunni, “with a 
proven track record, who could provide a turnkey package . . . both 
design and fab. A supplier that could produce in quantity, and provide 
technical support to the market at large. 

‘We also needed a firm with an international marketing structure, 
because we expect this chip to be the de facto standard worldwide. 

“But, we needed people we could work with, too. VTC had the right 
‘comfort factor’.”’ 

Jack Regula, consortium technical director (and VP-R&D, lronics) 
added: ‘‘Our requirements for high speed, high gate-count, low power 
consumption, and VME bus drive capability were all met well with VTC's 
1-micron CMOS standard cell library. And we were extremely impressed 
with VTC’s facilities, its people, and its customer list.” 

In the future, the VME bus chip (VIC) will become a standard cell within 
VTC’s CMOS library, to allow customers to further customize the chip. 

Shouldn't you be getting to know VTC, too? You'll be in good company 
when you do. Call or write us today, and we'll send you our short-form 
product catalog, which describes our product offerings in linear signal 
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and 
CMOS ASIC. 

VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420. 
(In Minnesota, 612/851-5200.) Telex 857113. 


VTC Incorporated 
Performance, Pure & Simple™ 
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Vibration analysis 
with stop and hold. 


EKG and hemodynamic 
waveforms. 


A/D, amplifier development 
and calibration. 


Complex waveforms 
for servo drives. 
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Radar/sonar envelope 
simulation. 


Digital testing and 
troubleshooting. 


Dual tones for 


telephone testing. 


Noise added to 
any waveform. 


Standard waves at 
the push of a button. 


We've been making waves for 25 years. 


A quarter-century ago, 
Wavetek brought you the first 
waveforms produced by a solid- 
state function generator. Now our 
Model 75 Arbitrary Waveform/ 
Function Generator puts you 
in control. 

Model 75 lets you generate 
waveforms without entering x/y 
coordinates. Thumbtack and 
rubberband modes allow easy 
development and editing of any 
waveform. There are also nine 
standard functions which you can 
use at the push of a button. 


© Copyright 1988 Wavetek Corporation 


PETER Arbitrary Waveform Generator 


Waveforms are stored in 
nonvolatile memory, with more 
than 4,000 vertical points and 
8,000 horizontal points of 
resolution. They can be played 
back at any rate, up to 500ns 
per point. 
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Now it’s your turn. 


By linking two or more 
Model 75's together, you can 
superimpose waveforms to 
introduce phase displacement 
or other special effects. And at 
the low price, you might want 
to buy several. 

For literature or to arrange 
an amazing demonstration, call 
or write Wavetek San Diego, Inc., 
P.O. Box 85265, San Diego, 

CA 92138. Phone (619) 279-2200; 
TWX (910) 335-2007. 


WAVETEK 


Record highs and lows 
for DC/DC converters. 


New 100 V 


MOSPOW ER 
switching transis- 
tors deliver the 
highest current 
rating and lowest 
CDS(on) for cooler 
power supplies. 


On-Resistance (rpsion)) 


Swiss National Tourist Office 


Gate Charge (Q4;on)) Relative Switching Time 


The Siliconix forecast for power supply design is one of record 
high current ratings and switching speeds combined with record 
low rps(on): 

Our new family of rugged 100 V MOSPOWER devices lowers 
operating temperature, shrinks package size, reduces part count 
and increases system functionality. Now you can use smaller 
heatsinks and eliminate external components such as snubbers 
and voltage clamps. The result—a more power efficient DC/DC 
converter and a more reliable, cost-effective power supply design. 


These 100 V MOS- 
PART oO POWER devices are rasa 
 wumpen PACKA ideally suited to : ~CyN- iS 
| Se switching transistor NG: lie Es T 
a Ee applications in DC/DC (A; x 
_ SMP4ON10 10-220 converters for power oy 

| supplies and military | (we 


_ SMP30N10 10-220 

- _ products. In addition, 

: —— they are 

excellent for solid state relay applications in auto- ’ 

motive products and switching transistors in cA || ff \ oo 
battery powered vehicles. | . 2 ANY 


All of these Siliconix MOSPOWER devices 
are produced in our Class I wafer fab and 
they are 100% UIS (Avalanche) tested. Get 
record breaking performance. Dial our toll- 
free hot line now! Call 1 (800) 554-5565, Ext. 941 
for your free 100 V MOSPOWER Design Kit. It includes 
your sample and data sheets. 


st Slconicx 


incorporated 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1988 Siliconix, Inc. | 
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SPECIAL REPORT 


EDN’s 15th Annual »P/w~C Chip Directory 164 


Forget about RISCs, MIPS, and Dhrystones. This year, the real ac- 
tion revolves around new embedded-controller ~P chips.—Jon Titus, 
Editor 


DESIGN FEATURES 


Designer’s Guide to dc/de converters—Part 2 285 


This article, part 2 of a 4-part series, provides tips on selecting the 
right instrumentation to evaluate the performance of your low-power 
9, 12, and +12V converter designs.—Jim Williams and Brian Huffman, 
Linear Technology Corp : 


On the cover: Browse through EDN’s 
Fifteenth Annual wP/uC Chip Directory Use npn and pnp devices effectively 297 


to find the best device for your needs. This in semicustom arrays 
year, the spotlight 1s on embedded- a vores 
controller chips. See pq 164. (Photo Although accustomed to using npn and pnp transistors of equivalent 


courtesy Advanced Micro Devices) performance, many analog-circuit designers have difficulty with the 
lower performance pnp transistors usually found in semicustom arrays. 
Yet you can in fact use a combination of npn and pnp devices in a 
variety of useful circuits.—Winthrop Gross, Tektronix Inc 


Designer’s Guide to PC-based 315 
analog pc-board design—Part 2 


Unfortunately for analog engineers, PC-based software for pc-board 
layout does not easily accommodate the distinct requirements of 
analog design. This article offers some tips for making the most of the 
packages available today.—Kimberley F Quirk, Engineering Services Group 


Continued on page 7 
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The masterpiece 
or the copy? 


The choice is yours! 


When we developed the 
SLIC, it was a custom design. 
Today it is a world standard. 
When we perfected the 
design of our modular power 
units, we established a brand 
new standard. 

Our components have 
been appreciated in many 
applications, not only by the 
original customers, for whom 
they were developed, but also 
by many other buyers who demand the highest 
standards in design. 

Our stepper motor drivers, for instance, are among 
the world’s foremost. And tomorrow that will most 
likely be true for our new central power units for use 
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So, your most important choice is not that of a 
specific component, but of a manufacturer and long- 
term partner. 

The decision you make today will create your 
tomorrow, that is what makes it 


in telecom equipment. The Strategic Choice. 
Why? Because we listen to our customers. Learn- 

ing about their problems, takes us along way towards ERICSSON &% 

the right solution. 
Ericsson Components AB 

: Isafjordsgatan 16 
electronica88 Mail: S-164 81 Kista-Stockholm 
Sweden 
Phone +468757 5000 
EE Ui 4325 1 oe H A LL hee A T S T A N D 2. & Ro eee 
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The performance of some of the new 
3M- to 20M-byte, 3'2-in. floppy-disk 
drives rivals that of some low-cost Win- 


chesters (pg 103.) 


EDN magazine 
now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 
Service. 


Express! | press 
Request 
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TECHNOLOGY UPDATE 


Interactive simulation packages prove 65 
faster and more Srcatile than ever 

Computer-simulation software has seen both quantitative and 
qualitative changes in recent years.—Chris Terry, Associate Editor 


Conventional EEPROMs and flash EEPROMs 89 
offer a spectrum of bit densities 


Applications abound for nonvolatile memory devices capable of oc- 
casional reprogramming.—John A Gallant, Associate Editor 


Recent 3M- to 20M-byte, 3’-in. 103 
floppy-disk drives suit mainstream uses 

Will 3’2-in. floppy-disk drives that store 3M to 20M bytes venture 
forth into mainstream applications or will they be relegated to niche 
applications?—Maury Wright, Regional Editor 


Mix business with pleasure 113 
at Munich’s Electronica 


Electronica ’88 is Europe’s largest exhibition for electronics com- 
ponents and assemblies.—Peter Harold, European Editor 


Electronica °88 Products 16 . 


Wescon/88 will focus on engineering 133 
workstations and automated design tools 


Wescon/88 will have more than 1300 booths showcasing a wide 
variety of electronics products.—Clare Mansfield, Associate Editor 


Europe 1992 poses a challenge 139 
for the US electronics industry 


After 1992, European countries will no longer raise protectionist 
barricades against products from their neighbors.—Jack Gee, 
Contributing Editor 


PRODUCT UPDATE 

DSP-based microcontroller 145 
20-GHz-bandwidth DSO 146 
PC-based CD-ROM tool 148 


Continued on page 9 
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AMD is introducing 17 low power ~ Call us at (800) 222-9323. Ask 
CMOS FIFOs. for the Specialty Memory Data Book 

They come in a broad range of and find out about your favorite FIFO. 
speeds and densities. Even architec- | And another and another and another 


tures for specialized applications. Advanced Micro Devices ct 
And theyre all available NOW. 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088. 


© 1988 Advanced Micro Devices, Inc. 
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Thats why 
Mentor Graphics 
lets you combine 
ASIC and board 
circuitry ina 
single simulation. 


Trouble in ASIC paradise. 

The big day has arrived. 

Your first gate array is back from the foundry. 
With high expectations, you plug it into your 
board and power up. 

It doesn’t work. 

Don’t feel alone. Over 50% of ASICs aren’t 
operational when first installed in their target 
system. Even though 95% pass their foundry 
tests with flying colors. 


An immediate solution. 

Mentor Graphics shifts these even odds 
heavily in your favor with our QuickSim™ logic 
simulator, which lets you simulate both your 
ASIC and board circuitry in a single run. 

With QuickSim, you not only track 
the internal operations of your ASIC 
circuitry, but also its transactions 
with the system at large. If there’s a 
problem, you see precisely where it’s 
located, either inside or outside 
your ASIC. Allin a single, interac- 
tive simulation environment, 
where you can view and graphi- 
cally “probe” the circuitry created 
by our NETED™ schematic editor. 


Check out our libraries. 
Library support is an ideal 
benchmark to gauge the true 
worth of an electronic 
design automation system. 
The more diverse and plenti- 


ful the component modeling libraries, the 
greater the design capability. It’s as simple as 
that. 

By this simple, yet decisive measure, Mentor 
Graphics brings you unequaled design capabil- 
ity. While other EDA vendors scurry to produce 
their own ASIC libraries (with little guarantee of 
accuracy), more ASIC vendors put their libraries 
on Mentor Graphics workstations than any 
other. And in most cases, we're the first work- 
station supported, which means you have the 
first shot at exploiting new chip technologies. 

With Mentor Graphics, you get a breadth of 
LSI and VLSI component models, both hardware 
and software based. All of which can be mixed 
with ASICs in a single simulation that cuts your 
run time to an absolute minimum. 


To be continued. 

So much for the present. We're already devel- 
oping new EDA tools for systems design that will 
extend to every dimension of electronic product 
development. From high-level systems descrip- 
tions to CASE. It’s what our customers expect. 
It’s what we'll deliver. 

It’s all part of a vision unique to Mentor Graphics, 
the leader in electronic design automation. Let 
us show you where this vision can take you. 

Call us toll-free for an overview brochure and 
the number of your nearest sales office. 

Phone 1-800-547-7390 
(in Oregon call 284-7357). 


Asia Pacific Headquarters 
Tokyo, Japan 

Phone: 81-3-505-4800 
Telex: 2427612 


Middle East, Far East, 

Asia, South America 

Mentor Graphics Corporation 
international Department 
Beaverton, Oregon, U.S.A.: 
Phone: 503-626-7000 

Telex: 160577 


Mentor Graphics Corporation 
European Headquarters 
Velizy, France: 

Phone: 33-1-39-46-9604 
Telex: 696805 


Mentor Graphics Corporation 
North American Headquarters 
Beaverton, Oregon: 

Phone: 503-626-7000 

Telex: 160577. 
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Convention says that gate 
arrays often take months to 
develop. 7 

Convention says that 
and PLD-based designs sacrifice 
production cost effectiveness. 

Maybe it’s time you flaunted 
convention. 

With Xilinx Programmable 
Gate Arrays. They give you all the 
benefits of gate arrays, but you 
can program them right at your 
desktop. 


Time to Market 


10 
| 


Gate Array 


Programmable 
Gate Array 


Cut up to 15 weeks from your design schedule. Because Xilina 
Programmable Gate Arrays mean no waiting, and no risk. 


Any way you look at it—speed, 
density or price—Xilinx’s Program- 
mable Gate Arrays make conven- 
teonal logic design seem prehistoric 
by comparison. 


Xilinx Programmable Gate 
Arrays cut months off your devel- 
opment cycle and replace boards 
full of TTL and PLDs. 

You don't worry about NRE, 
because there isn’t any. 

You work with a proven stan- 
dard part that has already been 
100% tested down to the last 
transistor. And our standard 
parts are priced the way most 
standard parts are priced. Low 
and getting lower. 

If all this sounds too 
good to be true, consider 
the evidence: 

Design engineers are 
using more than 2,500 
of our development 
systems. And this year 
theyll create more than 
10,000 designs, guided 
by Xilinx’s comprehensive design 
tools and complete technical 
support. 

Production benefits are well 
proven: We've already shipped 


more than a — 

million fully «ate 

tested parts. 9 ~™™8e" 
Soifyoure | ¢at 

tired of working — 


the conventional 1 il 


The Programmable Gate Array Company” 


Programmable design cuts your expenses, not 
your options. Xilinx offers you a broad range of 
Logic Cell™ Arrays for every application. 
way, take a look at Xilinx’s Pro- 
grammable Gate Array. Our new 
data book shows you how to get 
more density with less risk and 
get your ideas to market faster. 

Just call (800) 255-7778. In 
California call (408) 559-7778. Or 
contact your local Xilinx distrib- 
utor, rep, or sales office and ask 
for a copy. 

It defies conventional logic. 
But it makes perfect sense. 


>. XILINX 
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Many of the world’s most demand- 
ing engineers are already sold on the 
ES-1800 microprocessor development 
system from Applied Microsystems. 

Because it’s the only closely coupled 
system that includes emulators, debug- 
gers, SCSI, two megabytes of overlay 
memory and transparency at operational 
speeds. 

And because weve kept it state-of- 
the-art by constantly expanding and 
upgrading the system. 

Now the ES-1800 supports most 
every popular processor, including 
68020 at 25 MHz, 80C186 at 16.0 MHz 
and 68000 at 16.7 MHz. Asa result, you 
don't need to replace your development 
system every time you select a new micro- 
processor. 

There just isn’t a more comprehen- 
sive, effective, efficient or experienced 
development system around. Not Intel 
ICE. Not Hewlett Packard. 

Nearly 10,000 units out there 
continue to debug embedded systems 
more reliably than any of the others. By 
doing more. Faster, easier and more 
accurately. After all, thousands of nit 
pickers can’t be wrong. 

For a demonstration, write Applied 
Microsystems Corporation, PO. Box 
97002, Redmond, Washington, USA 
98073-9702. Or call (800) 426-3925, 
in WA call (206) 882-2000. 


‘ih 


Applied 
Microsystems 
Corporation 
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In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks 
HP22 SER Un ited Kingdom Gees 

In Japan contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, 

Shin es TKU, Tokyo TMA. Japan Call OS 493-0770. . AMC-239 


“THE NEWEST 
VERSION OF 
SCICARDS... 


OF SCIENTIFIC 
~ CALCULATIONS” ' 


“We've been teaching SCICARDS*new tricks _rip-up routing, a new functionally rich flood 
for more than 15 years. It’s the longest run- —_ router anda host of advanced ECL capa- 


ning software for PCB design inthe history _ bilities. What's more, it’s the first version 

of CAD. And with our new Version 24, produced by the new Harris/ Scientific 

we think it'll be the tough act everyone Calculations relationship—a combination 

will have to follow. It features 100 percent committing tremendous resources to PCB 
design technology. And we have ideas that 


—<ge- @< F9LE 


ee | LL aw YORK 14453 


‘ . ee 
ee 


will not only change the way you think 
about us, but also the way you create—in 
every phase of the design cycle from front 
end to manufacture. Because from now on, 
when it comes to PCB design, an idea 
whose time has come will probably come 


from us. The SCICARDS people.” 


[#) 
uy 


David J. Marini, 
Vice President/General Manager, 
Scientific Calculations /Harris 


SCIENTIFIC. CALCULATIONS DIVISION 


7796 Victor Mendon Road 
PO. Box H 

Fishers, NY 14453 

1-800-4 HARRIS Ext. 4347 
1-800-344-2444 (Canada) 


SCICARDS is a trademark of 
Scientific Calculations, Inc. 
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Even though we’re the strongest group of 
companies in the electronics industry, there may 
still be a few people who don’t know we exist. 
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ITT ElectroMechanical 
Components Worldwide. A collec- 
tion of companies with reputations 
unmatched in the industry. You 
know us as ITT Cannon, Schadow, 
Jeanrenaud, Pomona Electronics, MTI 
and Sealectro. 

However, for those few people 


who may not be quite as familiar with 
us, perhaps an introduction is in order. 
It started more than 70 years 
ago, with the creation of the first-ever 
connector. Then, year after year, inno- 
vation after innovation, we just kept 
getting stronger. Expanding product 
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lines. Developing switches, relays, test 
accessories, fiber optics, connectors 
and cable assemblies. For more and 
more markets. 

The result? 

A worldwide company with the 
resources, experience and expertise 
to help you significantly narrow your 
supplier base. With manufacturing 
facilities, engineering centers and cus- 
tomer service representatives in virtu- 
ally every part of the world. 

What’s more, our systems 
approach to problem-solving means 
that you benefit from having our top 
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engineering teams working with you, 
from start to finish. That’s just the way 
we do business. 

Chances are, you already know 
about us. But if you’d like some more 
information about all our capabilities, 
drop us a line today. And leave your 
competitors out in the cold. 


1851 East Deere Avenue 
Santa Ana, CA 92705-5720 
Or call (714) 261-5300 


TTT ElectroMechanical _ 
Components Worldwide 


Discover our strengths. 


GAZELLE’S NEW HIGH-PERFORMANCE LOGIC DEVICES 


Breakneck Performance at Breakthrough Prices. 


Traditionally, the prime obstacle to outrageous perfor- 
mance is an Outrageous price. 

Meet the GA22V10s from Gazelle Microcircuits. 

They re the two fastest, high-density, user-configurable 
logic chips available. Chips that are up to twice as fast as 
their silicon equivalents. Chips that eliminate the high 
price of high performance. 

Running at 110 MHz with a propagation delay of just 
7.5 ns, the GA22V10-7 liber- 
ates the true performance 


of your system. It’s fast tee ——— 
enough to let 68030s and eesovie to | GA22V10-10 aie ns aes ns noe ns peed MHz 
RISC processors like the = |_ ae 


cae PAL22V10 10.0ns | 50 MHz 
88000 and SPARC™ run at | pattere eo 74 MHz 


on Seerenenees full speed. Cache control, oe 

——_ bus arbitration and wait BPAL22VI 201 
— ae state bottlenecks simply ICON Ty 
— ana disappear while worksta- PALC22V10 _ "33 MHz _ 
i semi > 


tions and PCs gain a 33% boost in sean 
Gazelle’s TTL-compatible GaAs is the reason. Our 


gaze lle GA22V10 is 100% pin and function compatible with 
(408) 982-0900 slower silicon 22V10s. We created 25 new internal circuit 
= ee as techniques to deliver this performance at this price. 

all for an information kit. ; - ; 
Or send your name and Which is why you don't see these specs from any other 
genni a Soy cata S manufacturer. In GaAs or silicon. 
CA95054. 7 All it took was a break from tradition. 


SPARC is a trademark of Sun Microsystems, Inc. Gazelle is a trademark of Gazelle Microcircuits, Inc. © 1988 Gazelle Microcircuits, Inc. All rights reserved. 
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: ACCESSORY MODULE BOOSTS SCOPE’S SAMPLE RATE TO 2 GHZ 
Comprising a power splitter and a precision delay line packaged in a plug-on 


_ module, the $1625 HP 54114 test set from Hewlett-Packard (Palo Alto, CA; phone © | 
local office) allows you to team both 1G-sample/sec channels of the company’s 54111D - 


- digital sampling oscilloscope (DSO) to create one channel with a 2-GHz digitizing 
rate and a 500- MHz bandwidth. Previously, the company published an application 


note (FHP 54111D-1) that explains how to obtain this faster sampling rate with the co 


54111D, an IEEE-488 controller, a 500-psec delay line, and a 50Q, power splitter. 
However, the company recently changed the DSO’s firmware to accommodate the 
‘test set, eliminating the need for the IEEKE- 488 controller. If your 54111D’s serial- 


: number prefix is 2840 or higher, your scope will work with the test set. Older DSOs . 


so require an HP 54111D-68702 uperans kit, which costs $2626 and includes the 54114A a 


ce : = set. —Steven H Leibson 


: BOARD- AN D CHIP-LEVEL PRODUCTS FEATURE VGA ENHANCEMENTS 
The IBM PS/2 computer with its Micro Channel architecture may or may not 


=  pepeeas as popular as its forerunners, the PC/XT and PC/AT, but the PS/2’s video 


7 adapter, the IBM VGA, is already firmly entrenched. Two products offer enhanced 
- versions of the VGA. The first is the CL-GD510A/520A chip set from Cirrus Logic 


(Milpitas, CA, (408) 945- -8500), which features a 32: -bit-wide interface to video mem- oo 


ory. It costs $40. The company also sells either an 8- or a 16-bit ROM-based basic 1/0 : oS 


system (BIOS), as well as a BIOS that can be uploaded to system RAM for maximum gj. 
‘performance on the 32- bit internal buses of 80386- based systems. The second product  _Csf§ 
is the Paradise VGA Plus 16 board from Western. Digital Imaging (Mountain View, | 


CA, (415) 349-8400). The board uses its Autosense capability to determine whether | 


or not the host system has a 16- bit data bus, and thus whether it should use an 


—68B- OF a 16-bit video BIOS. The board costs $499. ey Conner 


MILITARY FLOATING-POINT PROCESSOR PERFORMS 75M FLOPS 
Two on-chip multipliers and three on-chip ALUs allow the 15-MHz UT695352 
IQMAC floating- point processor to execute 75M flops. While performing this feat, 


the $1845 CMOS chip—from United Technologies Microelectronics Center Inc (UTMC, 


Colorado Springs, CO, (719) 594-8000)—dissipates less than 2W over the full military © 
temperature range (—55 to 125°C). The IQMAC performs 32-bit floating-point opera- 


- tions that conform to IEEE standard 754-1985. The chip performs real-number opera- | ee . 
— tions in one clock cycle and complex- -number operations in one or two cycles. On-chip, _ 
a built-in self-test logic, including a signature analyzer, verifies the IQMAC’s operation © 


by using 32,000 unique test vectors. UTMC says that it will begin delivering the 
: IQMAC in 248-pin PGA and 304- ‘lead flatpack Eres ae the second quarter of 
. 1989. —Steven H Leibson . 


| STACKED HEADERS MAXIMIZE AVAILABLE SPACE ON PC BOARDS 


_ If you need to conserve space when designing your next pe board, consider a - oo 


‘the condo-style header system developed by 3M (Austin, TX, (512) 834-6792). By 
: stacking two right-angle boxed headers, you can make use of the free space above | 


oO your pe board. Designed with O. 155- -in. solder tails for use with 0.100 X0.100-in. pe 


oe grids, a, 50-position, long- -latch stack header costs $12. 01 (1000). You can order other . = 
- configurations that accommodate 80 to 128 leads in either a low-profile 0. 65- ‘in. or - — 


2 0. oe “in. housing suitable for robotic insertion.—J D Mosley 
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NEWS BREAKS 


RUGGEDIZED 2’2-IN. WINCHESTER STORES 20M BYTES 

Targeting lap- and portable-computer applications, the Prairie 220 hard-disk 
drive stores 20M bytes in a 2’2-in. form factor. The drive, from PrairieTek Corp, 
(Longmont, CO, (603) 772-4011) consumes an average of 1.5W, weighs 9 oz, and 
occupies 30% as much space as a standard 3’2-in. drive does. You can purchase the 
drive with an embedded SCSI or IBM PC/AT controller. The drive specs a 28-msec 
average seek time. To ensure that the drive will operate reliably in rugged environ- 
ments, the company developed a ramp mechanism to load and unload heads, and to 
lock the heads into place when power is removed. The drive costs $400 (OEM qty) 
and is currently available in limited production quantities. The firm plans to offer 
higher-capacity 2’2-in. drives in the first half of 1989.—Maury Wright 


LOW-COST LOGIC COMPILER FOCUSES ON GAL DEVICES 

The PLAQ logic compiler from Querty (San Diego, CA, (619) 455-0500) is priced 
at $395 and supports only GAL (Generic Array Logic) devices from Lattice Semi- 
conductor Corp. Because the logic compiler is dedicated to GAL devices, you don’t 
need to set configuration fuses on the GALS—-PLAQ derives it from your design. You 
can enter designs either as equations or as truth tables. The logic compiler also lets 
you run simulated test vectors through a design before you program the part. 
First-time GAL users will find helpful tutorial information in the logic compiler’s 
instruction manual.—Doug Conner 


ISDN SOFTWARE KIT AIDS IN NETWORK CONNECTIVITY 

Compatible with CCITT Q.931 and X.25 recommendations, the AmLinkS software- 
development kit from AMD (Austin, TX, (612) 462-4360) provides you with OSI layer 
3 software, two ISDN terminal coprocessor boards, and two Digital Exchange Control- 
ler boards and software. The kit lets you design terminal equipment that provides 
for voice and data communications through OSI layer 3. It also lets your terminal 
equipment communicate directly with AT&T’s central-office switch. The AmLink3 
software kit costs $40,000, including a one-time software-license fee, and comes 
with documentation and development tools. You can order a layer 2 AmLink LAPD/ 
LAPB kit for $12,000.—J D Mosley 


MOTOROLA AND CHERRY SEMICONDUCTOR EXCHANGE TECHNOLOGIES 
The Semiconductor Products Sector of Motorola Inc (Phoenix, AZ, (602) 897-3841) 
and Cherry Semiconductor Corp (Kast Greenwich, RI, (401) 885-3600) have signed a 
formal agreement to exchange manufacturing technologies for selected high-volume, 
bipolar linear ICs. As a result, each company will have the technical capability to 
act aS an alternate source for certain products designed by the other. By providing 
linear devices with equivalent electrical performance, the agreement will eliminate 
multiple-sourcing problems for many of the customers of both companies. 


According to Steve Hanson, vice president of Motorola’s Bipolar Analog IC Div, 
truly compatible alternate sourcing is particularly important in the market for 
custom linear automotive ICs, where both Motorola and Cherry have a growing 
customer base. Cherry Semiconductor president Alfred S Budnick indicated that the 
agreement provides a level of assurance and stability of supply les what would 
otherwise be possible. ——Dave > 
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Stay Generations Ahead 
in Video/RE 12-Bit ADCs 


When it comes to the industry's 
highest performance 12-bit, 
10 MSPS converters, TRW 
LSI can keep you out front. 
Whatever your data acquisition 
problem, TRW LSI’s THC1200 
Series provides the solution. 


Take the THC1201: It’s completely 
self-contained, including track/hold 
and all timing circuitry. Signal in, data 
out, all in a 46-pin hermetic DIP. Standard 
+1.0V input range, + 15V and 

+5V supplies, TTL interface and 
synchronous data output make this the 
easiest part of your system design. 


Really cramped for space? Try the 
THC1202. You get the same leading- 
edge performance as the THC1201, 
but in a 40-pin package that’s 40% 
smaller. And, as an extra bonus, you 
can dump that -15V power supply. 
And accommodate bipolar or unipolar 
input signals. That’s not all... 


If you have signals down in 
the mud, our THC1200 is 
the solution. It offers a 

full scale input range of 

+ 167 millivolts. That means 
you won't need that extra low 


THC1201- 


noise gain stage. But, the whole 
world doesn’t speak softly, so the 
THC1200 has a gain switch that gives 
you a +2.5V input range. That's a gain 
shift of 15X, extending the dynamic 
range by over 23dB. 


Need more? Give us a call. We have 
many other leading-edge conversion 
products on the drawing board. Or 


we ll do one just for you. 


Even if you have already solved your 
12-bit acquisition problem, talk to us. 
Remember, we guarantee full-spec 
performance. Plus, we can show you 
how to save time, space, power and 
money — and obtain multiple-source 
security without a redesign. 


THC1200 


TRW LSI Products — 
Bringing the worlds of 


together to keep you 
generations ahead. 
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THC1202 


Data Acquisition and DSP 


10dB/div 


0 0.5MHz/div 5.0MHz 


TRW LSI Products Inc. 
P.O. Box 2472, La Jolla, CA 92038 
619.457.1000 


In Europe, phone: 

TRW LSI Products Inc. 
Munich, 089.7103.115; 

Paris, 1.69.82.92.41; 

Guildford (U.K.), 0483.302364 


In the Orient, phone: 

Hong Kong, 3.880629; 

Tokyo, 3.487.0386; 3.461.5121; 
Taipei, 2.751.6856; 

Seoul, 2.553.0901; 

Singapore, 65.747.6155 


Australia, 613.544.8244 


TRW LSI Products Inc. 


©TRW Inc., 1988 — 712A01588 


_— EUROPEAN COMPANY GAINS MIL-STD-1772A APPROVAL | 7 
_ - The hybrid division of STC Components Ltd (Great Yarmouth, UK, TLX exerke: . 
claims to be the first company outside | Yorth America to have gained US Dep epartme 
. of Defense MIL- STD- 17724 approval for 18 production facilities. This approval low 
the company to participate in the offset-contract arrangements whereby European 
- manufacturers are authorized to supply components for use in defense systems — or 
purchased from the US. In order to meet. MIL-STD-1772A requirements, the company oe 
has installed class-100,000 clean rooms in which to carry out critical assembly — >. 
operations under class- 100 laminar-flow hoods. ‘Using these facilities, the poms : 
can manufacture payee circuits that are sshovscameace: to MIL- STD- 8835C ‘requirements. 
. oo —Peter Harold 


ss COMPONENT TESTER MEASURES DEVICE PARAMETERS AT 1 | M2 - 
ae ee of pertariaes 65 — ae an 1 automatic cone ee handler, the 


in the US: Woburn, MA, 61 7) 958. 8390) i is 5 suited for high- speed component testing 
[ and vate sunset The tester 2 eagetign cappeianioe « and inductance along : 


‘equivalent parallel r resistance, and dissipation factor—at ‘frequencies c of v KH 
_ a kHz, 100 cs ea 2 


Ce as 2m. ome component- chandler interface allows you to sort componente, ages 
oe Eee both ee and ney satin! bere | limits, into as ey as 3 30 ieeaigp ae 


| pulse code- miodulabed: 1 (PCM) Sess with aie or A- aw acaipnlistes algorithms, a 
time: slot ooh eee jodie, and a direct interface tos a 4.096- ps serial POM data 


oe ommmn includes software ® support for. its ae HPC16400 1 microcon- | a 
| troller. on oe Harold a 


The P-CAD 
Software 
That Made 
This Famous 
Laptop 
Computer 

Is Now Made 
To Fit Your 
Budget. 


When Zenith Data Systems 
needed to pack power into their 
laptop computers they turned to 
P-CAD*®’s Master Designer ™ 
printed circuit board software. 

Why? Because only Master 
Designer was powerful enough 
to meet their tough requirements. 

Today, the same software used 
by Zenith Data Systems and over 
10,000 others is available to PCB 
designers everywhere. Modular 
software that costs about half 
what you’d expect. 


For starters, Master Designer’s 
schematic capture and interactive 
layout lets you design using the 
latest through-hole and surface 
mount technologies. 


system that’s right 


Master Designer also features 
full forward and back annotation. 
A 6,000 component library 
manager. Automatic placement 
and 100% routing. Extensive 
analog design support. High- 
speed graphics. And more. 

In fact, you'll find it so pro- 
ductive, you’re likely to see 
a return on your investment 
in 30 days. 
Or less. 


And that'll help you justify 
even more modules. Such as rip- 
up and re-try routing. Thermal 
analysis. Gerber previewing and 
editing. Analog circuit simula- 
tion. A DXF interface for 
mechanical design and technical 
publications. 

And even though Master 
Designer costs less, it comes with 
our full complement of update 
services and training. Including 
support from over 50 reseller 
locations nationwide. 

No wonder over 100,000 
boards a year are designed 
with P-CAD software. 

For more information call 
800-523-5207. In California, 
dial 800-628-8748. Or send 
us this coupon and we'll 
mail you a free preview 
copy of our PCB Design 
User’s Guide. Complete 
with a CAD Buyers 
Guide to help you 
select the CAD 


for you. 
And do it now. 

Because an oppor- 

tunity like this 

doesn’t fall 

in your lap 

every day. 


P-CAD is a registered trade- 
mark and Master Designer is 
a trademark of Personal CAD | 
Systems, Inc. 


Oe ei ie 
| Send mea free RD 
preview copy eer 
| of P-CAD’s 7 
| PCB Design | 
| User’s Guide. | 
| 3 | 
| | 
| $$ _________ | 
| Name | 
| Title | 
: Company | 
| Address 
: City | 
| nlate ap EDN102788 | 
Pe EU ae cle ee J 
_ —striwtrsrsUdséa‘#ONiCCSRSRSAC™SRRN.L.CUAUUG 
p-cacd 
1290 Parkmoor Avenue 
San Jose, California 95126 
800-523-5207 U.S.A. 
In California, 800-628-8748 
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tiny SPDT switches 


absorptive... reflective 


dc [0 46GHz from B32, 


Tough enough to pass stringent MIL-STD-883 tests, useable 
from dc to 6GHz and smaller than most RF switches, Mini-Circuits’ 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1MHz, these GaAs 
switches can operate down to dc with control voltage as low as -5V, 
at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 
conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 
from Mini-Circuits with unbeatable price/performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast...to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin Model KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typ max 
dc-200MHz 092.74 OB 514 
200-1000MHz §O-A.3 O95 1:3 
1-4.6GHz aE PRIN 15a 5 
ISOLATION (dB) typ = min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 25 
VSWR (typ) ON 1.3:1 1.3 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
ee up to SOOMHz +17 thd 
finding ae ee Se above 500MHz +27 +27 
setung nigher standards CONTROLVOLT. | -5Von, OVoff —5V on, OV off 
Mini- Circuits OPER/STOR TEMP. -55° to +125°C. -55° to +125°C 
PRICE (1-24) $32.95 $48.95 
A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 bef pti 
Fax (718) 332-4661 Domestic and International Telexes: 6Bso844 or 620156 
C117 REV.D 
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The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 
the high price of surface-mount components. Now, Mini-Circuits offers a a new series of 
mixers to meet the pricing demands of SMT ... only $2.49 in 1,000 quantity ($3.75 ea. in 
quantity of 10)... at a cost even lower than most conventionally-packaged mixers. 


The SCM-1 spans 1 to 500MHz with only 6.0dB conversion loss, 45dB LO-FF isolation, 
and 40dB LO-IF isolation. Housed in a rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high 
(maximum dimensions) plastic/ceramic package. Spacing between connections is 0.2 
in. The mixer is offered with leads (SCM-IL) or without leads (SCM-INL) to meet a wide 
range of pc board mounting configurations. 


Each SCM-1 is built to meet severe environmental stresses including mechanical shock/ 
vibration as well as temperature shock. The operating and temperature storage range is 
—55°C to +100°C. Each SCM-1, designed and built to meet today’s demanding reliability 
requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every 
order shipped (up to 1,000 pieces). 


When you think SMT for low-cost production, 
think of Mini-Circuits’ low-cost SCM mixers. 


SPECIFICATIONS SCM-1L  SCM-1NL 


’ A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
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Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


(typical) (with leads) (no leads) 

FREQ. RANGE (MHz) 

LO, RF 1-500 

IF DC-500 
CONVERSION LOSS (dB) 

Mid-Band (10-250MHz) 6.3 

Total Range (1-500) 15 
ISOLATION (dB) (L-R) (L+H) 

Low-Band (1-10MHZz) 60 45 

Mid-Band (10-250MHz) 45 40 

High-Band (250-500MHz) 40 35 
PRICE  $2.49(1,000 aty) 

$3.75 (10-49) 
Units are shipped in anti-static plastic 
“tubes” or “sticks” for automatic insertion. 
C115 REV. ORIG. 


4 reasons Fujitsu has 
than anyone else in 


Reason Number One: 
Technology.... 


Fujitsu ASIC technology is the 
most advanced in the world. High 
density. High speed. Low power. 
On-chip memory. All help bring your 
system design into the real world - 
in state-of-the-art form. 


Reason Number Two: 
Products.... 


Fujitsu supplies a comprehensive 
lineup of ASIC products in all three 
major technologies: CMOS, ECL and 
BiCMOS. Our 45 products of CMOS 
gate arrays offer densities from 330 


28 


to 100,000 gates. Our 1.2 CMOS 
sea of gates family is optimized for 
extraordinary density (75,000 gates 
usable) and multi-port memory 
applications. 


In ECL, our arrays implement up 
to 10,000 gates of logic with 100 ps 
gate delays. Mixed ECL and TTL I/O 
options are available along with on- 
chip memory of up to 9,000 bits. 


Our BiCMOS arrays combine the 
best of Bipolar and CMOS technolo- 
gies into one chip with up to 3,000 
gates. And we will soon be announc- 
ing a lineup that boasts 12,000 gates 
with 420 ps propagation delay. 


Reason Number Three: 
Support.... 


No matter where in the world 
you are, Fujitsu has online support 
available. You can count on full de- 
sign coordination and support from 
any one of our 16 design centers 
strategically located around the globe. 


Our design libraries run on 
Fujitsu and other popular worksta- 
tions. And our new VIEWCAD™ de- 
sign software is optimized especially 
to support design of Fujitsu ASIC 
products. Support will get an even 
further boost by our forthcoming 
ZEPHCAD™ state-machine compiler. 
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delivered more ASICs 
the world. 


So why take a chance? For the 
very best in ASIC technology, 


Device Name Complexity Speed Maximum Signal Pins _— Typical Power Dissipation 


mM 0 mee ioe ee ee products and support, call the world 


C-30KAU ~C-100KAU 31500~ 102144 0.6ns/gate 178~332 0.8~1.6 W/chip at 10MHz <a 
8. leader. Call Fujitsu. 
C-330UHB~C-12000UHB 336~ 12734 0.7ns/gate 60~220 50~300mW/chip at 10MHz 
Se .. For further information please contact: 

C-20000UH 20160 1.0ns/gate 220 S00mW/chip at 10MHz FUJITSU MIKROELEKTRONIK GmbH: 

Lyoner StraSe 44-48, Arabella Center 9. OG./A, D-6000 
C-15006UM/ 15120 w/6K RAM 1.0ns/gate 219 S00mW/chip at 10MHz Frankfurt Niederrad 71, F.R. Germany Phone: 069-66320 
C-10012UM 10080 w/12K RAM TAA: 15ns SPER FON Dee Seo OPS SES Mae eine ear NM a en RE NT 

8 ane LO NO Ee EEOC ECONO EEO TOTO aes ee FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

ECLGATEARRAY ~—  éi@é4@£4. . | 805, Tsim Sha Tsui Centre, West Wing, 66 Mody Road, 

- — : — — as _— —_— ; — Kowloon, Hong Kong Phone: 3-7320100 
ET-10000H 9856 100ps/gate 10~ 13 W/chi PRLS SCORE AE ELON: CRON aR EERE eS Ih" a SGN SENS MOOT NS SPRITE: eR 

pie oe FUJITSU LIMITED Semiconductors Marketing: 

ET-750 ~ET-4500 768~4480 220ns/gate 2~ 10.2 Wichip Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, 
rr llc LL cc cl cc lL lc ll cl Chiyoda-ku, Tokyo 100, Japan Phone: 81-3-216-3211 

ET-2004M ~ET-3004M 1920~ 2880 220ps/gate 8~ 10 W/chip 
TAA: 4~5ns 


BC-12000H* 11968 420ps/gate 2.5~5.2 W/chip : 


BC-400 ~BC-2000 645~3240 900ps/gate 0.25mW/gate at 10MHz 


*Coming soon. 
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about Analog VLSI testing. 


The system on the left thinks up new device 
designs so fast that most test systems can’t 


keep up with it. Except the one on the right. 


Anything this system can thinkof, 


Now there’s a family of test systems that will change the way you think 


Teradyne’s revolutionary A500. The only 
system that’s ready to test the most complex 
‘system silicon” devices as fast as you can 
dream them up. In fact, the A500 is already 
helping many leading companies cut critical 
product development time and bring their 
advanced products to market faster, and with 


a lower overall cost to test. 

Now, you can test anything from 
standard linear to mixed-signal AVLSI. 
Teradyne has taken its revolutionary A500 
architecture and created two new, compati- 
ble systems. The A510, a workstation-based 
standard linear tester, with the lowest cost 
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this system can test. 


to test per test head, and the A520, which 
packs all the performance of an A500 into 

a smaller footprint at a lower capital cost. 
Teradyne’s new A500 family not only gives 
you the capability to test the range of today’s 
devices, it’s ready to help you test tomor- 
row’s devices, as well. 

The A500 family shares an architecture 
based on today’s “open systems” standards — 
dual Sun computers, a UNIX operating system, 
powerful C-based IMAGE” software and 
Ethernet TCP/IP networking. In addition, 
each system provides full tester simulation 
on stand-alone workstations, with graphic 


debug and analyzer tools as powerful as any 
CAD/CAE tools. 
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Spend your time testing designs 

instead of designing tests. 

If you want to help your company bring next- 
generation products to market faster, pre- 
vent premature product rollouts and cut test 
engineering costs drastically, use the system 
on the left. Which can only lead you to the 
system on the right. 

For more thoughtful details, call Beth Sulak at 
(617) 482-2700, ext. 2746. Or call your nearest 
Teradyne sales office or write: Teradyne, Inc., 
321 Harrison 

Avenue, 

Boston, 


Massachusetts 
02118. 


We measure quality. 
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POWER SUPPLIES 
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400 to 3000 Watts in 5” x 8” 


Standard Package 


®@ 155,000 Hrs. Demonstrated 
MTBF 
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z Two | to Six Supplies 
M@ Expandable, 300 to 1800 Watts 
— Internallsolation Diodes (Option) 


Powertec 


A Bonar Power Supplies Company 


20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 * FAX (818) 998-4225 
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SIGNALS & NOISE 


It’s time to dump 
the old +15V standard 


Thanks to John Shier and Jerry 
Thimsen of VTC Inc for their article 
“New +5V standard unshackles 
analog-IC designers” (EDN, June 
9, pg 229). I have been doing analog 
design work since the early 1970s, 
and I have never run anything on 
more than 12V, because to do so 
would either create problems in in- 
terfacing with digital ICs or make 
it difficult to power the whole thing 
from batteries, if desired. Also, 
higher voltages, even in dedicated 
line-powered equipment, didn’t buy 
me anything more than increased 
power-supply costs. Apparently, 
most engineers who design around 
the +15V standard let someone 
else figure out the power supply. 

In recent years, some IC manu- 
facturers have been willing to aban- 
don the + 15V requirement on some 
products, particularly those manu- 
factured with CMOS technology. I 
Suppose that in terms of total us- 
age, the Texas Instruments TLC 
line of op amps and comparators 
(and a few other items) is the best 
example. This is a very welcome de- 
velopment. And some products that 
use slow, high-voltage processing 
are designed to permit operation on 
low-voltage supplies—the LM324 
and LM3889 are probably the best 
examples. 

There is some movement toward 
the +5V standard you describe, 
particularly by manufacturers of D/ 
A converters (who have apparently 
not yet learned how to make CMOS 
voltage-output DACs—but that’s a 
sermon I should save for another 
time) and system engineers who are 
incorporating ECL in their sys- 
tems. However, there is also some 
movement toward single-supply 5V 
systems with or without an analog 
ground of 1.25 or 2.5V. Our in- 
house standard for instruments 


powered from 9V transistor batter-. 


ies or 12V battery packs is 6V with 
a 2.5V analog ground: Host ICs will 
run on this voltage (BiMOS is a no- 


table exception), and we can use 
either high-speed CMOS or metal- 
gate CMOS. The biggest limitation 
of the 6/2.5V standard is that cer- 
tain microprocessors and other LSI 
devices are not guaranteed at 6V, 
and so we’re now considering adopt- 
ing a 5/2.0V standard. Such a stan- 
dard severely limits our choice of 
analog components, but bit by bit 
we are finding components that will 
work satisfactorily on this supply— 
including high-speed OTAs. 

Again, I’m pleased to see Shier 
and Thimsen stick their necks out 
and holler for dumping the old 
+15V standard. I hope others will 
climb aboard that bandwagon. 
David E Johnson 
Fisher Research Lab/ 

Los Banos, CA 


Vendors should supply 

Spice models 

I would like to compliment one of 
the advertisers in your July 7, 1988 
issue, Linear Technology, for its 
Design Notes “An LT1013 and 
LT1014 Op Amp Spice Macro- 
model.” 

There is a profusion of analog- 
circuit simulation software on the 
market, most based on Berkeley 
Spice. The software frequently sup- 
plies a reasonably complete library 
of standard devices. Problems arise 
when a nonstandard part is re- 
quired. Estimations from manufac- 
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turers’ data sheets are sometimes— 
not always—accurate. 

I was pleased to see a circuit 
manufacturer, the organization 
most familiar with its own circuit’s 
performance, supply a Spice model. 
I encourage other vendors to make 
such models available also. Indeed, 
let’s move into the electronic era: 
Why not make these models avail- 
able through the more popular on- 
line databases? 

When simulation runs without 
too many source-code bugs, and 
when simulation results closely cor- 
relate with actual circuit perform- 
ance, the result is rewarding—not 
only emotionally, but cost- and 
time-wise, too. For manufacturers 
~ to make Spice models as available 
as data sheets would be a big step 
toward hassle-free simulation. 
Glenn Fasnacht 
Senior Reliability Engineer 
Smith Meter Inc 
Erie, PA 


68020 Cross Compiler $ 949 
68000 Cross Compiler 


8 bit Cross Assemblers $ 329 
8 bit Simulators 
68020 Cross Assembler 


Debugger 


Cross Assemblers $ 719 
68K Cross Compiler $1575 
68K X-Compiler w/XRay $3150 


Call for a catalog, 
literature, and 
solid value 


5 Pond Park Road 
Hingham, MA 02043 
Mass: 800-442-8070 
or 617-740-2510 988 
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Windows for Data - for Xenix 286, 


Soft Probe II/TX $ 345 
Linker 
unlimited 

Link & Locate + + $ 349 

system 
pManx 
68000 Cross Compiler Call 
Z80/8085 Cross Compiler Call obj only 
6502 Cross Compiler Call 


***call for other UNIX/Xenix products*** 


Note: Mention this ad. Some prices are 
specials. Ask about COD and POs. 
Formats 3” laptop now available, plus: 
200 others. UPS surface shipping add $3/ 
per normal item. All prices subject to 
change without notice. 


800-421-8006 


THE PROGRAMMER’S SHOP ” 


Your complete source for software. services and answers 


By any other name 


Please note that EDN used the 
term “TRIMPOT” incorrectly in the 
New Products section of the August 
4, 1988 issue (pg 234). “TRIMPOT” 
is a registered trademark of Bourns 
Inc for its line of trimming potenti- 
ometers, and it is improper to apply 
the term to trimmers manufactured 
by other firms. We apologize for the 
error. 


Address corrections 


Readers who tried to reach Virtual 
Instrument Corp in Connecticut by 
calling the number listed in the Spe- 
cial Report on Virtual Instruments 
(EDN, September 1, 1988, pg 126) 
reportedly reached a Colorado wa- 
terbed store instead. Our apologies 
for the area-code gaffe. Meanwhile, 
the firm has moved. You can con- 
tact the company (no kidding) at: 
Virtual Instrument Corp 


Embedded Systems Programmers: 


The Programmer’s Shop carries a multitude of embedded 
systems tools that target the 680x0, 80x86, Z80, 8085, 6502, 
8051, and 8048 and can be hosted on MSDOS, UNIX, and 

VMS. Call John for more detail on other products. 


Real Time/Executives 


C Sharp 


Time Slicer 


Unix/Xenix & Addons 


JAM JYACC Applic. Mar. by L 
YACC 


JYACC FORMATTER by JYACC Call 
Microport System V/286 - complete 
system, unlimited 195 
DosMerge 286 - emulate DOS, 
unlimited 
Microport System V/386 - complete 
system, unlimited 
DosMerge 386 - emulate DOS, 


iN 


rr, 1 
) 
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$ 229 


$ 
SCO Xenix System V 286 complete oi 
SCO Xenix System V 386 complete 


Downloads 


$ 719 (0,4: 
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TOOLS for 
MICROSOFT Ce 


INK & LOCATE++ 
SUPPORTS iAPX 86/87/186 


Complete Symbolic Support... 


LJ IN-CIRCUIT 
EMULATOR 


23 Clarke Circle, Unit #5 
Bethel, CT 06801 
(203) 748-2000 
FAX 203-798-8863 TLX 4930512 
Also please note that the pP Sup- 
port-Chip Directory in EDN’s June 
9, 1988 issue contained an incorrect 
address for Toshiba America Inc’s 
Electronic Components Business 
Sector (pg 143). The correct address 
is 9775 Toledo Way, Irvine, CA 
92718; phone (714) 455-2000. Read- 
ers wishing to contact the com- 
pany’s Semicustom Division, which 
includes ASIC marketing, should 
use the same address. 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, 


Newton, MA 02158. We welcome all 
comments, pro or con. All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and clarity. 


¢ Data Types 
¢ Local & Global Symbols 
INCLUDES 


Floating Point 
Operation . 

_ * COMPLETE Microsoft C® 

Debugging Information 


Call or Write for FREE Booklet... 
“WRITING ROMABLE CODE 
USING MICROSOFT C®” 


SYSTEMS & SOFTWARE, Inc. 


@. 
_—__ 
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New uP Supervisory ICs 


Analog Design Insights from Maxim Integrated Products 


Improve System Designs 


harply reduce the complexity, com- 

ponent count, and space of stand- 
ard microprocessor supervisory 
Circuits; improve the accuracy and 
reliability of reset and battery- 
Switchover circuits; add to that a 
watchdog timer and write protection. 
The result: the MAX690 series of 
microprocessor supervisory ICs, which 
pack many common housekeeping 
functions into 16-pin and 8-pin pack- 
ages. The MAX690 Series is comprised 
of eight ICs that feature pre-trimmed 
(5O0ms, 200ms) or user-adjustable reset 
timing, enabling them to meet the 
specs of any uP. 


Micropower For 
Battery Applications 


The MAX690-697 offer precise 
pre-trimmed 4.65V or 4.4V and user- 
adjustable 3.0V to 5.5V threshold volt- 
age detectors which issue a reset pulse 
for any supply voltage problem. The 
newest member of the family, the 
MAX697, features a micropower sup- 
ply current (160A) providing a single- 
chip supervisory solution for battery 
powered systems. 

Because the needs of uP systems 
defined the ICs, they contain several 
seemingly distinct functions that 
microprocessors commonly need (Fig. 
1). For one, the chips have a precise 
threshold detector and a timer that 
generate an accurate reset signal for 
any power-up, power-down, brownout, 
or momentary-interrupt condition. For 
another, power-switchover circuitry of- 
fers a battery backup for CMOS RAMs 
or a real-time clock. On top of that, an 


Reset 
Part # 


MAX690 
MAX691 
MAX692 
MAX693 


MAX694 
MAX695 
MAX696 
MAX697 


* default; also adjustable 


Pins 


Reset Generator 


Watchdog 
Output 
i Watchdog Timer O 


Figure 1. 


uncommitted 1.3V threshold com- 
parator can serve as a power-failure 
warning indicator or monitor for the 
backup battery. 

To keep the microprocessor from 
writing incorrect data into a CMOS 
RAM or EEPROM during power-up, 
power-down, or brownout, there is 
chip-enabling circuitry. This circuitry 
forces a Chip Enable Output high 
whenever the power supply falls below 
the threshold detector voltage. 
Moreover, the chip’s watchdog timer 
monitors software execution, resetting 
the microprocessor if execution is dis- 
rupted for any reason. 


Power-On/Low Line Reset 
The reset function relies on a 
reference-voltage technique that is 


Isupply Reset Battery Memory Lowline 
(Volts) (mA) Typ (ms) 


Switch Protect In Out 


No No 
No Yes 
Yes Yes 
Yes Yes 


(Please see uP Supervisory IC’s on back) 
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3 1/2 Digit A/Ds 
Work With a 
Single +2.5V to 
+7V Supply 


Converting a negative signal (or 
one that’s around ground) with an in- 
tegrating A/D used to require both posi- 
tive and negative supplies - a 
significant disadvantage for applica- 
tions working off a single supply such 
as +5V DPMs, or battery powered +3V 
DVMs. MAX138 and MAX139, the new 
CMOS integrating A/Ds from Maxim 
solve this problem by including, on- 
chip, a voltage inverter that generates 
the negative supply voltage internally. 
These devices convert signals ranging 
from -2V to +2V, or -200mV to +200mV 
with a single +2.5V to +7V supply, while 
maintaining an incredibly low 200 pA of 
supply current. 


Bandgap Reference 


Unlike previous integrating A/D 
converters which use a zener 
reference, the MAX138/MAX139 use a 
bandgap reference that provides ex- 
cellent long term stability and a maxi- 
mum temperature coefficient of 
100ppm/"C. Perhaps the most impor- 
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Figure 1. 


(Please see 3 1/2 Digit A/Ds on back) 


uP Supervisory IC's (cont'd) 


much more reliable than simple RC cir- 
cuits. RC circuits work well if a change 
occurs abruptly between completely off 
and +5V. But if the power is applied 
slowly or lost, or if a brownout or 
momentary low occurs, they dont 
properly reset the system. The reset 
section in the MAX690 series contains 
a bandgap reference, a voltage divider 
that establishes the reset detection 
threshold, and a retriggerable mono- 
stable oscillator. 

The voltage detector forces the 
Reset output low whenever the power 
supply voltage drops below the reset 
threshold. The circuit holds Reset low 
until the supply stays above the voltage 
detector threshold for the reset timing 
period, ensuring that the microproces- 
sor receives the minimum reset pulse 
width specified by the manufacturer. 
The designer can extend this pulse 
width by adding a capacitor to the os- 
cillator input or he can shorten it by 
overdriving the oscillator input. The 
voltage detector also serves a second 
purpose: forcing Chip Write Enable 
Output high whenever the power supp- 
ly voltage input is too low. 

Although the 4.65V threshold 
(MAX690/1/4/5) is a nominal value, the 
4.5V minimum and 4.75V maximum are 
guaranteed because the thresholds are 
trimmed at the wafer level. A Low Line 
output offers an instantaneous view of 
the voltage detector status. The Reset 
output , however, goes high only after 
the input voltage has been at a valid 
level for the reset period. 


Automatic Battery 
Switchover 


The battery-switchover circuitry, 
although shown in the block diagram as 
an SPDT switch, is more complicated 
than that. In practice, a voltage com- 
parator checks Vcc against the battery 
voltage. As long as the supply is higher 
than the battery, Vcc is connected to 
the output terminal, Vout. This connec- 
tion is made through a PNP transistor 
whose base drive modulation circuitry 
saturates the transistor while minimiz- 
ing base current. 

When Vcc falls to within 100mV of 
the battery voltage, the circuit turns off 
the base drive, and a 2000hm MOS 
switch connects the battery to Vout. 
With the MOS switch, the voltage drop 
is about 2mV at a 10uA current, com- 
pared to about 500mV across the diode 
switch used in a discrete circuit typical- 
ly found in battery backup circuits. 

With Vcc present, battery current is 
a maximum of +1pA and is typically a 
10nA charging current. This level ex- 
tends battery life while remaining within 
the allowable charge current of even 
the smallest lithium batteries. 


When Vcc falls to about 700mV 
below the battery voltage, a second 
comparator shuts down all circuitry not 
needed in the battery-backup mode. 
In this low-quiescent-current state, the 
typical drain on the battery is about 
600nA, ensuring a long battery life. 

The chip’s Battery-On pin, which 
has a sink current of 25mA, indicates 
whether Vcc or the battery is powering 
Vout. It can be used directly to drive the 
base of an external PNP transistor if the 
power bus needs more than 50mA of 
output current during normal operation. 
An internal PNP transistor, meanwhile, 
is.guaranteed to have a maximum volt- 
age drop of 500mV at 50mA, a level that 
will power several CMOS RAMs. 


Typical Application 


Watchdog Timer 


The third major section of the 
MAX690-697 chips is the watchdog 
timer, a function often desired but sel- 
dom found. This circuit monitors sys- 
tem execution, detecting hardware, 
and software faults. Because many pP 
systems can't strobe the watchdog 
timer, this chip automatically disables 
the timer if the Watchdog Input, WDI, is 
left floating. When that input floats, two 
internal resistors bias it at an invalid 
logic level detected by internal voltage 
comparators. 

On the job, the microprocessor 
drives the WDI pin with an I/O line that 
is periodically strobed. At each strobe, 
the supervisory chip resets the timer. If 
the microprocessor fails to strobe WDI 
for the programmed time-out period, a 
watchdog fault occurs. Typical reasons 
for a failure to strobe include hardware 
problems, a temporary disruption 
caused by voltage transients, and 
software errors that put the 
microprocessor in an endless loop. 

Ifa watchdog fault occurs, the chip 
sends a reset pulse and the Watchdog 
Output, WDO, goes low. The output 
remains low, and the chip periodically 
pulses the Reset line until WDI is again 
strobed. 


3 1/2 Digit A/Ds (cont'd) 


tant benefit of the bandgap reference 
and the internal voltage inverter is the 
ability to operate the MAX138/MAX139 
with low supply voltages — down to 
+2.5V. This is a critical requirement for 
applications using two “AA” alkaline 
battery cells (or a single lithium cell) 
where the cell output will decrease with 
time from the fully charged value of +3V. 


Upgrades 7106/36 and 
7107/37 


The MAX138/MAX139 are similar 
to Maxim's existing 3 1/2 digit A/D con- 
verters, 7106/36 and 7107/37. They 
use a dual slope integration technique 
to convert the differential input signal to 
a digital output (with a full scale of 
+1999) that is ready to drive a multi- 
plexed seven-segment LCD (MAX138) 
or LED (MAX139) display. 

The MAX138/MAX139 use a volt- 
age inverter similar to Maxim’s 7660 to 
generate the internal negative supply. 
Since the voltage inverter requires two 
non-critical capacitors, the MAX138/ 
MAX139 make use of the oscillator pins 
(38 to 40) of the 7106/36/07/37 for this 
purpose. This makes it possible to drop 
the MAX138/MAX139 into existing 
7106/36/07/37 sockets by exchanging 
the two oscillator capacitors for two 
charge pump capacitors — a relatively 
minor change. Since the MAX138/ 
MAX139 use an on-chip oscillator, the 
oscillator capacitors are no longer 
needed. 


* FREE x 


1988/89 Analog 
Applications 
andbook 


Detailed diagrams and applica- 
tions information on: 


®@ uP Supervisory ICs 

® uP Interface ICs 

® Active Filters 

® Data Acquisition ICs 

® Analog Switches 

® Video Muxes/Amplifiers 

® Operational Amplifiers 

® Power Supply ICs 

® Article Reprints 
(CIRCLE 10) 


* PLUS x 


MAX690-697/MAX138-139 Data 
Sheet Package 


(CIRCLE 11) 


For FREE SAMPLES or applications assis- 
tance, call (408) 737-7600 or write Maxim 
Integrated Products, 120 San Gabriel Dr., 
Sunnyvale, CA 94086. 


SCRAMs are the world’s fastest Static 
CMOS Random Access Memories at 
64K and 4K bit densities. SCRAMs are 
manufactured in Performance's PACE II 
0.7 micron gate length technology which 
has set the standard for memory speed. 
There is immediate availability of the 
10ns 64Kx1 and all 4K bit versions 
compatible with JEDEC standard pin- 


PERFORMANCE 


SEMICONDUCTOR CORPORATION 


PERFORMANCE 


means I0ns sub-micron SCRAMSs 


outs. In addition there is immediate 
availability of Performance'’s proprietary 
Cache-Tag 1Kx4 SRAM, P4C151, with 
user features including two cycle (flash) 
chip clear and 4-bit compare. 


TONS SCRAM PRODUCT GUIDE 


PART CONFIG. SPEED AVAIL. 


P4C187 64K x 1 10ns NOW 
P4C147 4K x 1 10ns NOW 
P4C148 1Kx4 10ns NOW 
P4C149 1Kx4 10ns NOW 
P4C150 1Kx4 10ns NOW 
P4C151 1Kx4 10ns NOW 


FAST, COOL & AFFORDABLE 


For further information or to order 10ns 
SCRAMs call or write: 

Performance Semiconductor 

610 E. Weddell Drive 

Sunnyvale, CA 94089 

Telephone: 408 734-9000 
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SIEMENS 


Siemens rules the waves — 


_ Surface-acoustic-wave expertise and technology from a leader in the field 


SAW devices process signals and sta- = @ no tuning 


a bilize frequencies from 20 MHz through @ excellent reproducibility 

_ to several GHz. And SAWs from Siemens @ longterm stability 
give you unique features that are @ high reliability : 

unseen with any other technology, like @ small size 

@ precise amplitude response Siemens is an upfront producer with 
@ steep filter skirts - abroad spectrum of standard SAW 
@ linear phase independent of devices plus custom designs on 

amplitude response quartz, lithium-niobate and lithium- 

@ low temperature drift : tantalate substrates. Devices for com- 


mercial and professional applications: 


@® normal and low-loss bandpass filters 
: | @ vestigial-sideband filters 
@ timing-recovery filters 
@ resonators 
@ dispersive and nondispersive 
delay lines 
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Oki’s new PSCC provides automatic 
support for protocols—together 
with great networking flexibility 


You can count 
on Oki 

The PSCC 
is only one of the 
ways Oki can save 
you time and 


The new Protocol Serial Communications 
Controller (PSCC) from Oki Semiconductor is a 
highly innovative VLSI device which automatically 
supports LAPB and LAPD HDLC protocols and saves 
you from having to program and manage them. With 
a speed of 10 Mb/s, the PSCC also gives you great 


networking flexibility. help you realize 
competitive 
advantages. You 
Integrated functions can also count 


The PSCC combines a full-duplex HDLC 
channel, on-board DMA controller, and 520 bytes of 
internal RAM. It allows you to send and receive creative solu- 
messages directly from memory and frees system P - tions, and proven 
intelligence for higher level functions. It automatically reliability in every aspect of semiconductor device 


on Oki for exten- 
sive experience, 


[| PSCC Support 


supports the update and comparison of state variables design and manufacturing. We invite you to put the 
for multiframe transmission. In addition, the PSCC full resources of Oki Semiconductor to work for you. 


supports collision and priority detection. 

For even greater integration, the PSCC will be 
imbedded in Oki’s high-performance 16-bit nXP 
microcontroller which will support all seven OSI 
levels of the ISDN. 


Great flexibility 

Easy interface is provided to standard 16-bit CPUs 
and to multiplexed buses. The PSCC can be easily 
customized to support different serial communications 
protocols. The high speed of the PSCC allows you 
to create a small inexpensive network, then to expand 
to a LAN, and later move into ISDN—all supported 
by Oki. 


SEMICONDUCTOR 
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Signal processing, when you come right down to 
it, is multiplication, addition, subtraction and stor- 
age. Doesn't sound very exciting. 

But put together a set of building blocks that do 
those simple operations with almost unimaginable 
digital speed and precision. Then add A/D con- 
verters that bring in information from the world 
around you. Plus D/A converters that restore the 
digitally processed signals to a form your senses 
can understand. 

And you've built a signal processing system that 
will enable you to do things that couldn't be done 
before, see things that couldn't be seen before and 
understand things that could never be understood 
before. 

That's exciting. And we can help make it happen. 


Complete systems solutions. 
Our approach to signal processing is simple. 


42 


We've taken our unparalleled experience in data 
conversion and added to it a set of signal 
processing chips that perform operations that used 
to require entire circuit boards. 

Here's a sample of what they can do for you: 

ISP 9110 12-Bit Microprogram Sequencer: expanded 
33 word stack, 50 ns minimum cycle time. 

ISP 9119 FIFO RAM Controller: uses standard 
RAMs to build FIFOs up to 64K deep, 15 MHz 
operation. 

ISP 9128 FIR Filter Controller: implements 16-bit 
filters to 128 Taps, 128 Tap sampling rate of 
100kHz. 

ISP 9210 16x16 Multiplier Accumulator: innovative 
high-speed architecture (65 ns commercial, 75 ns 
military), low-power operation. 

ISP 9216 16x16 Multiplier: low-power, industry- 
standard compatible to AM29516 and MPYO16. 

ISP 9520/21 Pipeline Register: high-speed access, 
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g blocks, combined 


"with our data conversion know-how, ' 


: ‘systems that depic 


output selectable from any register. 

With devices like these, we can give you a total 
integrated signal processing solution. Plus the 
added benefits of single-vendor support and pack- 
age pricing. 


Position yourself for the future. 


Signal processing is changing every day. 

That's why you need more than a signal proces- 
sing supplier who has a few good parts. 

You need a long-term partner who has a commit- 
ment to signal processing, and the resources in 
every area that signal processing calls upon. 

For example, the chips of tomorrow will very 
likely combine signal processing, data conversion 
and high-speed logic. When you work with us, 
you'll get our Intersil expertise in processing and 
conversion. Plus our RCA Advanced CMOS Logic 
capabilities. Plus the more than 20 years of GE 
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experience in radar, sonar, medical imaging and 
other demanding DSP applications. 

If worries about complexity and cost have 
deterred you from taking the exciting step into 
digital signal processing, call us. Together, we'll 
step into the future. 

For more information, contact your local GE 
Solid State sales office or distributor. Or call toll- 


free, 800-443-7364, extension 30. 


In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276) 
68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
General Electric Company, U.S.A. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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FORCED O— 
COOLING TECHNOLOGY 


Quietly In Control 


Thermal management control is complete 
utilizing Comair Rotron’s new patented 
ThermaPro-V technology. This acoustically 
quiet, flexible, cooling technology allows for 
continuous motor speed adjustments while 
extending performance ranges. 

THERMAL SPEED CONTROL, with its 
closed loop system capability, can reduce 
heat dissipating units and regulate fan speed 
as a function of temperature. . . automatically. 
The PROGRAMMABILITY feature allows 
for a single fan for multi-purpose use— 
drastically reducing inventories. 

VOLTAGE REGULATION eliminates prob- 
lems caused by sudden drops in voltage. Inter- 
nally programmed voltage provides constant 
cooling under the most hostile environments. 


ThermaPro-V. Precise applications for 


sensitive equipment. Thermal management. 


Comair Rotron, The first Name in Forced 
Convection Cooling Technology. 


For literature only call 800-367-2662. In NYS 
and for product or technical assistance call our 


application Engineering Dept. at (914) 246-3615. 


COMAIR@=ROTRON 


a KLI company 
12 North Street Sawyer Industrial Park, Saugerties, N.Y. 12477-1096 
Telephone: (914) 246-3615 TWX 910-333-7572 Telex: 551496 
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CALENDAR 


Seminar on DOD-STD-2167A & 
2168, Washington, DC. DOD Soft- 
ware Seminars, c/o David Maibor 
Associates, Box 846, Needham 
Heights, MA 02194. (617) 449-6554. 
October 24 to 25. 


OEM Peripheral Invitational 
Computer Conference (ICC), 
Westlake Village, CA. Suzanne 
Hubner, B J Johnson & Associates, 
3151 Airway Ave, C-2, Costa Mesa, 
CA 92626. (714) 957-0171. Octo- 
ber 25. 


11th Annual Newport Conference 
on Fiberoptics Markets, Newport, 
RI. Kessler Marketing Intelligence, 
America’s Cup Ave at 31 Bridge St, 
Newport, RI 02840. (401) 849-6771. 
October 25 to 26. 


Seminar on DOD-STD-2167A & 
2168, Boston, MA. DOD Software 
Seminars, c/o David Maibor Associ- 
ates, Box 846, Needham Heights, 
MA 02194. (617) 449-6554. October 
27 to 28. 


11th Northeast Computer Faire, 
Boston, MA. The Interface Group, 
300 First Ave, Needham, MA 
02194. (617) 449-6600. October 27 
to 29. 


ICALEO ’88 (International Con- 
gress on Applications of Lasers 
and Electro-Optics), Santa Clara, 
CA. The Laser Applications Con- 
gress, 5151 Monroe St, Suite 102W, 
Toledo, OH 438628. (419) 882-8706. 
October 30 to November 4. 


Seminar on DOD-STD-2167A & 
2168, Orlando, FL. DOD Software 
Seminars, c/o David Maibor Associ- 
ates, Box 846, Needham Heights, 
MA 02194. (617) 449-6554. October 
31 to November 1. 


Unix Expo (Unix Operating Sys- 
tem Exposition and Congress, 
New York, NY. National Exposi- 
tions, 15 W 39th St, New York, NY 
10018. (212) 391-9111. October 31 
to November 2. 
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More Than 50,000 Good Reasons 
To Attend Wescon/38. 


In addition to the most qualified 
audience you can reach at any show of 
its kind, Wescon gives you: 


¢ More than 6,000 live product 
demonstrations. 

¢ More than 1,300 vendors. 

¢ 12,000 factory experts and engineers. 

¢ 36 idea-generating technical sessions. 

¢ 11 incisive and problem-solving tutorials. 

¢ Electronics Theater featuring state-of- 
the-art developments. 


And This Year, Wescon 
Gives You More: 


¢ New Automated Design Center. 
¢ New Products and Technology 


Achievement Awards. Wescon Is More Than An Event, 


Wescon is an exciting, one-of-a-kind It Is An Investment! 
opportunity where the engineer and the 


people who will supply him congregate 
for an exchange of new ideas and new 
technologies. It is a place where new 
ideas are introduced and design 


problems are solved. Anaheim, California 
There is no better event to enhance your To pre-register, fill out the form below, or for a 


professional growth and technological Preview Program, call (800) 262-4208 in California 
awareness than Wescon/88. or (800) 421-6816 outside California. 


Wescon/38. 
Nov. 15-17, 1988 
Anaheim Convention Center 


CIRCLE APPLICABLE BOXES 


Production/Fabrication 


Business Equipment 
Medical 


Consumer/Entertainment 


Research/Development 


OC) zx IEEE Member 
OC) zy ERA Member 
0) zz Other Affiliation «== 


Purchasing 


Engineering Management 


Administration; Management 
Al Testing; QC/QA 


AJ Consulting; Education 


INDUSTRIAL CLASSIFICATION 
JOB FUNCTION (ONE ONLY) 


Consulting/Education 
Other 


Please PRINT as you 
want shown on badge 


Name AL CAD/CAE Tools; Systems 
FIRST OR INITIALS LAST cid Gomecay Sokwurs 
Position « Telephone A Ts Cs eS a HR eke es Oe © =< zs AN Electronic Components 


AREA CODE NUMBER (OPTIONAL) 


Company /Orgarizmion (tet: epee ie eal dd ee 
nearede: Bis or Home ad he 4 hee) ob ee a 


AO Electro-Mechanical Components 


AP Production Equipment. Machinery 
AQ_ Production Supplies, Materials 


AR Consulting Services 


AREAS OF MAIN PRODUCT INTEREST 


DEPT or M/S AS Fabrication Services 
AT _ Test, Insp., Measurement Inst. 
City, State, Zip Code RGBs Bein De Wises ODS eS ie (cis Dems et Cahir oe oe Se as SS a a a es “ae Be A DE OP Es ES 
STATE ziP CODE AU | Testing Systems 


‘AY. AOther 2 ee 


208764 


To receive your badge in advance, please complete this form and mail it along with your check to arrive NO LATER THAN October 28, 1988. 
After October 28 the at-the-door fee applies. If you do not receive your badge prior to Wescon/88, check in at the advance registration counter 
in the Anaheim Convention Center. NO ONE UNDER THE AGE OF 16 ADMITTED. No refunds after November 11, 1988. 


MAIL TO: WESCON/88, P.O. BOX 54760, TERMINAL ANNEX, LOS ANGELES, CA 90054-0760. EDN102788 
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INTEGRATED 


component — co 
_assembler, micropr« ess C 


the. 
diate 
benefit 
from using 
integrated 
tools is 


performance and 
improved programmer 
seman And when you use 


geta aS environment 
_ developing and debugging 68K 
bedded programs in real-time. 
receive more information on 


program development require- ae 


ent. Used together, they 
rovide you with a totally 
ategrated environment 
your software 
ROUEN Your im- 


WHITESMITHS, LTD. 
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Me WA 
DC/DC Converter 


1.0mV NOISE 


WITH NO EXTERNAL PARTS 


>100 YEARS 


The lowest noise general-purpose 
DC/DC Converter on the market, the 
PWR1546A offers a maximum noise of 
just 1.0mV p-p with no external parts. An 
order of magnitude better than many 
others, and ideal for high resolution data 
converters, high gain amplifiers, 
precision test equipment, and other 
noise sensitive applications. 


This new low-cost 2” x 2”, 5 watt dual- 
output device features standard pinouts, 
six-sided shielding, and a calculated 
MTTF in excess of 890,000 hours at 
+25°C. All minimums and maximums are 
100% tested. 


Other Features Include: 

® Output Voltage ..... +15VDC for 5Vin 
@ Rated Output Current ....... 167mMA 
® Continuous In/Out Isolation . . 750VDC 
@ Temperature Range. . -25°C to +85°C 
@ Short Circuit Protected 


Ask your Burr-Brown sales 
representative for complete details. Or 
call (602) 746-1111, Burr-Brown Corp., 
P.O. Box 11400, Tucson, AZ 85734. 


BURR-BROWN® 
Oe 
“Tae 
Your Partner In Quality 
CIRCLE NO 6 
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CALENDAR 


CASE for Data Modeling (semi- 
nar), New York, NY. Technology 
Transfer Institute, 741 Tenth St, 
Santa Monica, CA 90402. (213) 394- 
8305. November 2 to 4. 


Seminar on DOD-STD-2167A & 
2168, San Diego, CA. DOD Soft- 
ware Seminars, c/o David Maibor 
Associates, Box 846, Needham 
Heights, MA 02194. (617) 449-6554. 
November 3 to 4. 


1988 IEEE GaAs IC Symposium, 
Thousand Oaks, CA. John Selin, 
registration chairman, Raytheon 
Co, Equipment Div, MS E21, 430 
Boston Post Rd, Wayland, MA 
01778. (617) 440-5532. November 6 
to 9. 


GOMAC ’88 (Government Micro- 
circuits Applications Conference), 
Las Vegas, NV. Palisades Institute 
for Research Services, 201 Varick 
St, Rm 1140, New York, NY 10014. 
November 8 to 10. 


Electronica, Munich, West Ger- 
many. Kallman Associates, 5 Maple 
Ct, Ridgewood, NJ 07450. (201) 
652-7070. November 8 to 12. 


IEEE 1988 Nuclear Science Sym- 
posium, Orlando, FL. E Barsotti, 
Fermilab, MS 222, Box 500, Bata- 
via, IL 60510. (312) 840-4061. No- 
vember 9 to 11. 


CASE Benchmarks: A Product 
Comparison Seminar, Denver, 
CO. Digital Consulting Inc, 6 Wind- 
sor St, Andover, MA 01810. (508) 
470-3870. November 14 to 16. 


Expert Systems: An Intensive 
Seminar on Choosing Applica- 
tions and Tools, Chicago, IL. Digi- 
tal Consulting Inc, 6 Windsor St, 
Andover, MA 01810. (508) 470- 
3870. November 14 to 16. 


CASE and the Real World (semi- 
nar), Boston, MA. Digital Consult- 
ing Inc, 6 Windsor St, Andover, 
MA 01810. (508) 470- ek Novem- 
ber 15 to 16. 
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Introducing OmniLab 9240. 
Totally Integrated Scope-Analyzer-Stimulus. 


= Combine a 100 MHz digital oscilloscope 
with a time-aligned, 200 MS/s 48-channel 
logic analyzer. Next add synchronized analog 
and digital stimulus generators. Then a 
remarkable new triggering system. What you 
have is the 9240 — a whole new class of 
instrumentation. Expressly designed to speed 
challenging analog and digital analysis. And 
get you from concept to product faster. 


= The9240 is based on an innovative 
new instrument architecture that merges 
high-speed universal hardware and seamlessly- 
integrated software to create high-perfor- 
mance capabilities not available in separate 
instruments. Analog and digital traces are 
always time-correlated in a unique, single 
screen display. SELECT™ triggering bridges 
scope and analyzer techniques. And OmniLab’s 
stimulus generators can playback captured 
or edited signals. 


@ = At the heart of the 9240 is SELECT 
triggering, the most straightforward and 
complete solution ever to triggering dilemmas. 
It’s one system, operating with synchronized 
analog and digital views of your data. By 
combining conventional oscilloscope and 
analyzer triggering with powerful RAM truth 
tables — plus min/max time qualification as 
needed — SELECT triggering helps you analyze 
hardware, debug software, and integrate 
systems more easily. 


= OmniLab” is a generation ahead of con- 
ventional digital scopes that often hide rarely 
occurring faults because they only show you 
a few cycles out of millions. With its con- 
tinuous monitoring, you can use SELECT 
triggering to quickly catch every occurrence 
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OmniLab display demonstrates capture of an 


imbedded analog glitch (in top trace) with time-aligned 


presentation of the waveform’s digitized bit values 
(center) and numeric states. 


of rare events like metastable states, bus 
contentions, missing pulses, and buried noise 
glitches. 


= The9240 is like having a complete 
benchtop of instruments integrated with your 
PC/AT or compatible. Which you can easily 
customize for digital development, analog 
development, or a combination of both. 
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STIMULUS 4 


© onsote CF catri | 


= = With OmniLab, your productivity will 
soar. Because you achieve results with fewer 
instruments. And in fewer steps than ever 
before. By no means least, the 9240 delivers 
the best price/ performance you'll find any- 
where, costing just $8900 fully outfitted. 

And most importantly, without compromising 
a single high-performance spec. Not a one. 


® For more information, call toll free 


800/245-8500. In CA: 415/361-8883. 


Or write for complete literature. 


fill 
) 
lh 


© |e 
pul 
TH 


See us at WESCON 
Booth 3372-74 


= 
m 
2 
a 
ol 


— 

= (ud 
= (lal 
4 ii 

D il 


702 Marshall Street, Redwood City, CA 94063 
TELEX: 530942 FAX: 415/361-8970 


Rent OmniLab From U.S. Instrument Rentals, Inc. 
Call 800/824-2873 


*(QmniLab, and SELECT are trademarks of Orion 
Instruments, Inc. 
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E7DIGITAL/ANALOG. 
OMBINATION Y 
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THE TECHNOLOGY | 
OU CAN BANK ON. 


To be perfectly honest, we didn’t invent the concept that says high integration 
equals high profit. But as you can see from the application diagram on this page, 
we definitely perfected it. With our Triple Technology,"a process that allows you 
to combine E} digital, and analog functions on the same chip. And, create higher levels 
of integration than ever before. 
COP800 ; ; 
In this case, our customer s last product 
CORE) was a medical instrument the size of a paper- 
back, with 70 different components. By 


combining a sophisticated 8-bit controller, 
RAM, ROM, A/D converter, and 256 bytes of 
Somes EEPROM on the same chip, we helped them 
eee shrink the same instrument to the size of 
a matchbox. And cut the costs just as 
dramatically. 
LCD CONTROLLER As a result, they have a product that 
sets new standards for the industry. And for 
their shareholders. And by working closely with 
their designers, we were able to create this 
/O PORTS one-chip solution with standard cells from our 
library. In fact, our customer only had to design 
about 200 gates of logic using our standard 
Aaa digital cells. 3 ? 
(CONTROL AND _ Turnaround time from code to first 
ANALOG FUNCTIONS silicon was only 18 weeks. And because of our 
Single chip measurement and control system, integrating several development tools and mixed-mode simulation 
EEPROM, analog, and digital functions. (MIXsim"), the first prototypes worked. 


Of course, this is only one example. With 250 digital, 50 analog, and over 
20 EEPROM cells in our library, we can create literally thousands of combinations. 
Including Analog/E; E’?/Digital, Analog/Digital, and E’/Analog/Digital. For every 
application you can imagine. And we can execute them all in high performance CMOS. 

So, no matter what you're designing, call or write for our complete library 
card. And we'll show you a combination you can always bank on. Your ideas and our 


technology. 
4! Sierra Semiconductor 
“yy” Triple Technology"In CMOS. 
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and the start of a revolution. Because now you can go tojust 
one vendor and get more high speed op amps with higher 
precision and lower power than from anywhere else. 

The AD840 Series, which includes high accuracy, low 
noise, low cost, FET-input and current-feedback amps, is 
the result of a major breakthrough we've made in analog 
process technology. A breakthrough that has not only led 


Introducing our AD840 Series with ten new op amps — 


OSU ei 
mance leader. 
For example, several of the products in the AD840 
Series offer gain-bandwidths greater than 400MHz, while 
others offer slew rates up to 2,000V/ws. And all AD840 
products offer precision at high speeds, with unprece- 
dented settling time performance as fast as 100ns to 0.01% 
(10V step) and offset voltage down to 75y.V maximum. 
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“Selection Guide 


350ns 
100,01% 00.01% : 


j00V/as = 


Current Feedback, Berslient. 


DrivesCap  75.V max Offset Flash ADC _ 


ptt Vohage : Buffer S = oe 3 


OF ew standard of performance to 
10 pel . your designs, or as replacements for industry stan- 
power. In fact, each AD840 product consumes 25-50% dards, they’re all competitively priced. 


less power than comparable amps, without sacrificing If you'd like more information on why the AD840 

load drive current. Plus all parts operate with + 15Vor Series makes us the new revo- 

+ 5V supplies. lutionary leader in high speed AN ALOG 
The high performance doesn’t come at a high cost, op amps, call your nearest 

either. You'll find that whether you use the AD840 Series Analog Devices sales office. DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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The best new feature 


52 


in an HP digitizing 
oscilloscope is a 
FREE printer! 


e HP 54100A/D—Low cost 1 GHz 
bandwidth 


e HP 54110D — 1 GHz bandwidth 
plus color 


HP 54111D — 2 Gigasamples/ 
second 
HP 54112D — 4 channels 64K 


memory each 
HP 54120T—20 GHz bandwidth 


HP 54200A/D — Affordable 200 
Megasamples/second 


HP 54201A/D — 300 MHz 
bandwidth 


HP 16500A Oscilloscope — 
8 channels 400 Megasamples/ 
second each 


From now until February 28, 1989, 
when you order a digitizing oscillo- 
scope* you'll get FREE hardcopy. 
Because HP will give you a printer! 

And not just any printer, but a high- 
performing HP PaintJet® or ThinkJet® 
printer that quickly and easily creates 
hardcopy results of on-screen data 
with just the push of a button. Say 
goodbye to mounting a camera on 
*Does not include the HP 54501 or HP 518X. 
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the scope face, developing film and 
scratching measurement results into 
the picture. The printer does it all, 
quickly and easily reproducing the 
measurements taken by the digitizing 
oscilloscope. Order an HP scope with 
a monochrome CRT and get a FREE 
HP ThinkJet printer — a $495 value. 
Order an HP scope with a color 

CRT, and get a FREE HP PaintJet 
printer — a $1395 value. 
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Call HP today: 
1-800-752-0900, ext. 215W. 


Now is definitely the time to team up 
with an HP scope. For more informa- 
tion about HP's broad family of 
digitizing oscilloscopes, call today. 
Our FREE printer offer ends on Feb- 
ruary 28, 1989. It’s an offer so good, 
even the phone calls are FREE! 

© 1988 Hewlett-Packard Co. EI15817/EDN 
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“I need a supplier who 
Can design, protot) pe, 


build and 


Ship cable 


assemblies 
to my specs. 


Turn to 3M for cable assemblies created for your 
specific application. 


We’ll help you right up front with design assistance 


to quickly turn your interconnect idea into a prototype. 
Manufacture as many finished assemblies as you need, 
to your most demanding specs. Then deliver everything 
you need-from pressed and molded to high-speed 
transmission line and fiber optic cable assemblies—to 


EO wens S 
4 CO =o 


geet 
pas 


ic 
cake atte 


spe 
echite>" 


meet your most Vy i 
ambitious production 
schedule. 

You get all the well-known 3M 
quality in assemblies that meet your demanding 
criteria. Without having to cope with rejects or in- 
house modifications. You get the reliability you need 
to help eliminate wasted time or field failures. And the 
just-in-time delivery programs that reduce inventory 
and materials handling costs. 

There’s only one place tough customers turn to 
no matter what their specs. 3M. For information, dial 
1-800-CALL-EPD. Or call from your modem 1-800-444- 
8080 (300-2400 baud, 8 bit, no parity 1 stop bit) and 
enter the access code 3MEPD4 when prompted. Or 
write 3M Electronic Products Division, Department F, 
P.0. Box 2963, Austin, TX 78769-2963. 


See us at WESCON Booth #’s 2754-2770 
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_ EDITORIAL 


Send alien graduates home 


Jesse H Neal 

Editorial Achievement Awards 
1987 TOS1 (2). 1978: 2). 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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Assuming that a foreigner has sufficient money and ability, it’s 
not difficult for him or her to get a college or university education 
in the USA. Student visas are fairly easy to obtain, and, as long 
as a student maintains good grades, he or she can remain in the 
US on a student visa. After graduating, however, many of those 
foreigners stay in the US by taking permanent jobs. Once em- 
ployed, they can ask the Immigration and Naturalization Service 


; to change their status from student to immigrant. According to 
| the National Science Foundation, about 4% of the engineers in our 
* profession are not US citizens. 


Many people have proposed that aliens go home after graduation 


a E rather than taking jobs that US engineers could fill. Foreign gradu- 
5 ates, it is said, often work for less than their US counterparts, 


thus “busting” or lowering the wages paid for the job. Although 
that issue deserves a thorough airing, there’s another reason that 
foreign graduates should return home. Simply put, their countries 
need them. All too often, foreign students come to the US to study 
a subject that will let them get a job in the US after they graduate. 
In fact, there may be no market at home for the skills they learn 
in the US. 

Frankly, having foreign students study in the US is a good 
investment. Getting a quality education and learning how other 
people work and live benefits us all in the long term. However, 
foreign students who train in our schools owe their countries a 
debt. So, they should study a subject that benefits their home 
economy. Knowing that they would be required to return home 
for two or three years before emigrating to the US might push 
many young foreigners to study civil engineering instead of electri- 
cal engineering, or food science instead of computer science. 

During the summer, my family and I visited a developing country 
that benefits from abundant year-round sunshine and an almost 
constant on-shore breeze. Yet most of the hot water is heated by 
electricity, and all the electricity is generated by burning oil. The 
country isn’t poor—average per capita income is about $9000—but 
it isn’t rich enough to throw away energy so wastefully. I was left 
wondering why no one had tackled solar- and wind-energy prob- 
lems. It may be that the smart young people were in the US 
working as engineers and sending money to the folks at home. 


i 


Jon Titus 
Editor 
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Argentina 

Buenos Aires 

(01) 541-7141 to 7747 
Australia 

Artarmon, N.S.W. 


(02) 439 3322 & & 
Austria 

Wien 

(0222) 60101-820 

Belgium 

Bruxelles 

(02) 52561 11 


Brazil 

Sao Paulo 
(011) 211-2600 
Canada 


Scarborough © 
(416) 292-5161 

Signetics Etobicoke 

(416) 626-6676 

Chile 


Santiago 
(02) 77 38 16 
Colombia 
Bogota, D.E. 
(01) 2 49 7624 


Denmark 
Copenhagen 
(01) 541133 
Finland 
Helsinki 


(90) 17271 

France 
Issy-Les-Moulineaux, 
Cedex 

(01) 40 93 80 00 


Germany 

(Fed. Republic) 

Hamburg 

(040) 3296-0 

Greece @ 


Tavros 

(01) 48 94 339/4894 911 
Hong Kong 
Kwai Chung 
(0)-24 51 21 
India 

Bombay 

(022) 4930311/4930590 
Indonesia 
Jakarta 

(021) 517995 
Ireland 

Dublin 

(01) 6933 55 
Italy 

Milano 

(02) 6752.1 
Japan 

Signetics Japan Ltd. 
Tokyo (03) 230-1521 
Korea (Republic of) 
Seoul 

(02) 794-5011 
Malaysia 

Pulau Pinang 
(04) 87 00 44 
Netherlands 
Eindhoven 

(040) 78 37 49 
New Zealand 
Auckland 

(09) 605-914 
Norway 

Oslo 

(02) 6802 00 
Pakistan 
Karachi 

(021) 725772 
Peru 

Lima 

(014) 707080 
Philippines 
Makati-Rizal 

(02) 86 89 51 to 59 
Portugal 

Lisboa Codex 
(019) 68 31 21 
Singapore 
Singapore 

3502 000 

South Africa 
Johannesburg 
(011) 402-4600/07 
Spain 

Barcelona 

(03) 301 63 12 
Sweden 
Stockholm 

(08) 7821000 
Switzerland 
Zurich 

(01) 488 22 11 
Taiwan 

Taipei 

(02) 7120500 
Thailand 
Bangkok 

(02) 233-6330-9 
Turkey 

Istanbul 

(01) 14359 10 
United Kingdom 
London 

(01) 580 6633 
United States 
Signetics Corporation 
Sunnyvale 

(408) 991-2000 
Uruguay 
Montevideo 

(02) 9853 95 
Venezuela 
Caracas 

(02) 239 39 31 
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PHILIPS 


Philips single-chip 8-bit 
microcontrollers help turn your 
product ideas into commercial 
reality as quickly, easily, and 
economically as possible. 

You can work with CMOS, 
NMOS or bipolar microcontroller 
families incorporating a 
comprehensive list of derivatives. 
These are backed by a wide 
range of I?C-bus peripherals to 
help implement your design. And 
we ve made it as easy as possible 
to choose the right microcontroller 
for your application. We provide a 
choice of 64 to 256-byte RAM, 1K 
to 16K ROM, on-board functions 
like ADC, EPROM, timers and 
I*C-bus interface. We offer bond- 
out and EPROM versions and you 
can also select from a variety of 
industry standard packages; DIL, 
SO, PLCC, OFP or PGA- with 
temperature ranges as broad as 
—40°C to 110°C. 

Philips, Europe’s leading 
manufacturer of 8-bit 
microcontrollers, is a major force 
in electronics world-wide. When 
your partner is Philips you can 
move more confidently and 
effectively from ideas to reality. 

For your copy of the latest 
Philips 8-bit microcontroller 
brochure, contact your local 
Philips organization (see left) or 
complete the coupon and send 
it to: 

Philips Components Division, Building BA, 
P.O. Box 218, 5600 MD Eindhoven, 


The Netherlands. 
Telex: 35000 phtc nl/nljevmc. 


8-bit microcontroller brochure 

Name | 
Positio 
Company 


| 
| 
| Address 
| 
| 


The name is Philips. 
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© 1988 Ready Systems Corporation. VRTX is a registered trademark and CARDtools, VRTX 32, RTscope, ARTX, MPV, IFX, Hyperlink, RTAda and Taskbuilder are trademarks of Ready Systems Corporation. Other 
brand or product names are trademarks or registered trademarks of their respective holders. 
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Embedded 
Microprocessors 


TARGET 


!/O and File Management 


Networking 


Successful real-time design for 
embedded systems takes more than extra- 
ordinary helpings of craft and creativity. 

It also takes the right tools. Which may 
explain why our CARD (Computer-aided 
Real-time Design) technology is behind the 
development of well over fifty million lines 
of real-time code. 

Were not talking about ordinary 
tools spruced up with a few real-time exten- 
sions. CARD technology was created 
exclusively for the real-time world specific- 
ally for integrating run-time and software 
development environments. 

We are talking about tools such as 
reusable software components like VRTX? 
the real-time operating systems standard. 
Real-time implementations of C and Ada. 
Automated analysis tools for verifying sys- 
tem performance. Our CARDtools"product 
gives you everything you need including 
specifically tailored design aids to manage 
software organization and data flow. 

And automated documentation so 
complete, so accurate, it satisfies even the 
DoD's rigid 2167A specs. Not to mention 
the demands of our hundreds of exacting 
commercial customers. 

So if youd like to have what it takes to 
make your next real-time project run more 
efficiently call us, toll free, at (800) 228-1249. 
Or (214) 661-9526 in Texas. 

Because you can only be a success in 
real-time design if you've got the right stuff. 


© READY 
SYSTEMS 
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Remember, 
Toshiba Is Producing 
TheWorld’s Broadest 
Line Of High Density 
Non-volatile Memory. 


Only ‘Toshiba volume cost and automatic insertion And in ROMs, you 
production can give you the capability, select OTPs in can get up to 4 Mb in CMOS 
non-volatiles you need—in densities to 1 Mb. Choose today. 
the leading edge densities from a wide selection in Nobody else offers you 
you want. EPROMs, including one of so many options in high 

For high reliability, low the fastest 1 Mb available. density non-volatile 


memories with the produc- 
tion capabilities to deliver in 
volume. 


PART NO. ORG. PROCESS 
EPROM 


PART NO. ORG. PROCESS 
ONE TIME PROGRAMMABLE 


TMM2764AD~ 8KX8 NMOS TMM24128AE 16KX8 NMOS WY Liydeslseathia head 
TMM2764ADI SKX8 NMOS TMM24256BP 32KX8 NMOS y deal with a ner 
TMM27128AD~ 16KX8 NMOS TMM24256BF 32KX8 NMOS of suppliers to get all the 
TMM27128ADI 16KX8 NMOS TC54256AP 32KX8 CMOS ; 

TMM27256BD~ 32KX8 NMOS TC54256AF 32KX8 CMOS non-volatiles you. want. 
TMM27256BDI 32KX8 NMOS TMM24512AP 64KX8 NMOS Just remember 
TC57256AD 32KX8 CMOS TMM24512AF 64KX8 NMOS Toshiba, the 

TMM27512AD~ 64KX8 NMOS ~TC541000P 128KX8 CMOS 1, A, 

TM27512ADI 64KX8 NMOS TC541001P 128KX8 CMOS eavywelgnt 

Tes7i000D __128KxS CMOS in none 

TC571001D 128KX8 CMOS TC53257P 32KX8 CMOS Lacil ra 3 
TC571024D 64KX16 CMOS TC53257F 32KX8 CMOS volatlles. Yo 

TOSsIO00APAF aks cmos || "[yshiba. The Power in 
TMM2464AP 8KX8 NMOS TC531001AP 128KX8 CMOS : ; 
TMM2464AF 8KX8 NMOS TC534000P 512KX8 CMOS Non-Volatile Memories. 


TMM24128AP 16KX8 NMOS 


~ = +/-10%Voc AVAILABLE 


TOSHIBA AMERICA, INC. 


MST-88-003 


NEVADA, Elrepco, Inc., (415) 962-0660; NEBRASKA, D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology, 
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TECHNOLOGY UPDATE 


Interactive simulation packages prove 
faster and more versatile than ever 


Chris Terry, Associate Editor 


Computer-simulation software has 
seen both quantitative and qualita- 
tive changes in recent years. The 
quantitative changes include both 
faster execution and wider distribu- 
tion: The relatively low cost and 
vastly increased computing power 
of workstations, many of which in- 
clude floating-point hardware accel- 
erators, have brought fast simula- 
tion capabilities out of the main- 
frame computer room and onto al- 
most every engineer’s desktop. 
Even more important are the 
qualitative changes, which came 
about because of the startling 
growth and power of graphics capa- 
bilities. It is these graphics capabili- 
ties, above all, that let simulation 
aid the engineer in all phases of 
hardware design and software de- 
sign and development. You no 
longer have to submit a simulation 
as a batch job and wait for numeric 
results. Current software packages, 
which combine graphics with incre- 
mental compilation techniques, al- 
low you to see right on the screen 
how a model behaves. You can stop 
the simulation, change the proper- 
ties of the model by entering new 
parameters from the keyboard, and 
then immediately restart the run or 
continue it from where you left off. 
Simulation can drastically reduce 
the cost of developing a new system 
in several ways. If you’re develop- 
ing a custom IC, for example, simu- 
lation will help you to eliminate 
logic errors and timing glitches 
from your design before you get to 
the expensive stage of photoplot- 
ting, and the even more expensive 
stage of obtaining prototype parts 
from the foundry. Likewise, if you 
are developing an embedded sys- 
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Interactive analog simulators, such as PSpice from Microsim Corp, let you see the results 


of changes in circuit parameters immediately. 


tem based on a new or unfamiliar 
CPU architecture, a simulator that 
can execute the instruction set of 
the CPU will allow you to start de- 
veloping software for the new sys- 
tem before the hardware is com- 
plete. It may even reveal potential 
problems with the hardware and al- 
low the hardware designer to make 
the necessary modifications at an 
early stage. 


Analog simulators are mature 
Simulators for hardware design 
fall into three main classes: analog, 
mixed-mode (which simulate digital 
circuits at the board, gate, or switch 
level), and multimode (which simu- 
late boards containing both analog 
and digital circuits). Note that some 
vendors use the term “mixed-mode” 
to refer to simulators that handle 
both digital and analog circuits. 


Here, “mixed-mode” will be re- 
stricted to the definition above. 

A notable characteristic of most 
of the currently available simula- 
tors is that they’re compatible with 
other CAE tools from the same ven- 
dor, and they may also have the 
ability to exchange data with tools 
from other vendors via EDIF or 
other interchange standards. 

Analog simulators were the first 
to appear; perhaps the best known 
analog simulator is the Spice pro- 
gram, which was originally devel- 
oped at the University of California 
at Berkeley to run on VAX comput- 
ers. Now MicroSim supplies ver- 
sions of PSpice that run on a wide 
variety of machines, including the 
Macintosh II. Prices range from 
$950 for the IBM PC version to 
$11,600 for the large-VAX version. 
Spice is not particularly easy for a 
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The Wron Place To > 
Find Out Your ICs 
: Aren't Rad-Hard Enough. 


* 


® 


Harris guarantees performance of its Count on us for the rad-hard military and commer- 
rad-hard circuits. Looking for the best protec- _cial range ASICs you need to keep your systems at 
tion for your systems? Come to the most specified peak performance. 

source for military rad-hard ICs...Harris. Our Rad-Hard/Hi-Rel Data Book tells the 


Our technology credentials span more than whole story of our products and processes. To order 
two and a half decades of programs, from your copy, call Harris Semiconductor = 


» RAD-HARD/HI-REL 
CICD DATA BOOK 


Minuteman and Polaris to Trident Il. Soon SDI. Custom Integrated Circuits Division. 
The only way to stay a leader in rad-hard and in the US:: 1-800-4-HARRIS, Ext. 1908. 

hi-rel circuits is to know where technology has In Canada: 1-800-344-2444, Ext. 1908. 

been, and where it’s going. Our know-how shows 

through...from more progress in new isolation 

technologies like Silicon-On-Insulator to continued -ARRIS 

advances in tapping the inherent speed of GaAs. SEMICONDUCTOR SECTOR 
Your job’s not finished so neither is ours. 


©1988, Harris Corporation 
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beginner to use, because you have 
to learn a special language for defin- 
ing the characteristics of the compo- 
nents contained in your circuit; 
however, the program is very flex- 
ible and can handle de operation, 
transfer functions, transient re- 
sponse, distortion analysis, fre- 
quency response, and many non- 
linear functions. A Monte Carlo op- 
tion also lets you perform worst- 
case analysis on complex circuits. 

Another widely used analog 
simulator is the $9000 Touchstone 
from EEsof. This package will be 
of particular interest to microwave 
designers, because the latest ver- 
sion (1.6) includes a large number 
of microwave/RF element models, 
as well as a Monte Carlo yield- 
analysis program that can project 
the manufacturing yield of micro- 
wave/RF circuits. The program em- 
phasizes the optimization of your 
circuit; the optimizer techniques in- 
clude quasi-Newton, least pth, mini- 
max, and random maximization. 
Touchstone is part of a family of 
microwave/RF design tools that in- 
cludes foundry libraries, network- 
and filter-synthesis tools, a har- 
monic-balance simulator, and tools 
for layout and artwork control. 

Somewhat less expensive is the 
$495 Analog Simulator from Vision- 
ics, which runs on IBM PCs and 
compatibles. Analog Simulator is 
part of the vendor’s EE Designer 
toolset, and it takes its input from 
the schematic-capture module. The 
simulator has two distinct modules: 
one for nonlinear de simulation, the 
other for frequency-domain ac simu- 
lation. You can simulate as many 
as 50 nodes simultaneously. The li- 
braries of modeled components that 
come with the simulator include in- 
ductors, resistors, transistors, op 
amps, and voltage sources. Note 
that the program can’t stand alone: 
You need EE Designer 1.7 or EE 
Designer II 2.08 in order to access 
the simulator and to specify the 
nodes to be simulated. 

For those who want an inexpen- 
sive tool for learning about analog 
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Digital simulators (such as this one from Aldec) may include built-in or optional fault 
simulators that indicate which pins of an IC fail the tests applied. 


simulation, Tatum Labs offers EC- 
Ace, which is a subset of the com- 
pany’s ECA-2 analog-circuit simula- 
tor. EC-Ace runs on IBM PCs and 
compatibles and costs $145; it can 
handle as many as 100 components, 
and provides sine, pulse, pulse- 
width-linear, swept-frequency fre- 
quency-moulation, and exponential 
transient signal generators. You 
can use the program in either batch 
or interactive mode. The vendor 
claims it runs at least twice as fast 
as Spice does. 


Logic simulators 

When ICs embodied only a few 
transistors (as in the 7400 Series 
and similar SSI chips), manufactur- 
ers were able to use Spice to simu- 
late logic circuits and even complete 
boards. However, as VLSI and 
ASIC chips became more complex, 
simulation at the switch (transistor) 
level became impractical—simula- 
tors such as Spice ran far too slowly 
when handling thousands (instead 
of tens) of nodes. It was vital to 
have some means of simulating the 
behavior of a design (you can’t 
breadboard an ASIC or PLD) to 
avoid costly logic errors or unfore- 
seen interactions and timing 


glitches. Chip foundries developed 
gate-level simulators to cope with 
this situation; the first examples op- 
erated only in batch mode on a 
mainframe; their input was a net 
list extracted from the schematic 
captured by a CAD program. 

On a time-sharing mainframe, it 
was certainly hours (and sometimes 
days) before the simulation results 
came back to the design engineer. 
CAE vendors, therefore, began de- 
veloping their own interactive 
simulators that would run on the 
same workstations as their sche- 
matic-capture and board-layout 
tools. This integration of schematic- 
capture, simulation, and board- 
layout modules as a complete tool 
set not only allowed each tool to 
be interactive, but also provided 
communication between the mod- 
ules, so that, at any stage, an engi- 
neering change would be reflected 
in all the relevant files. As the logic 
simulators matured, their scope 
widened to allow the behavioral 
(“black-box”) simulation of a com- 
plete board, the gate-level simula- 
tion of individual VLSI chips, or the 
switch-level simulation of functional 
blocks within a chip. 

Typical of these advanced simula- 
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tors is the Daisy Logic Simulator 
(DLS), which shares common com- 


ponent libraries and a common da- 


tabase with other tools from the 
vendor, such as the Daisy Timing 
Verifier (DTV), which comes bun- 
dled with DLS for $24,000 and runs 
on Daisy and Sun 386i worksta- 
tions. At the switch level, DLS lets 
you examine transistor action and 
timing in critical portions of your 
design. At the gate level, you can 
specify the primitive forms of 
Boolean functions (AND, OR, 
NAND, NOR, XOR, XNOR, and 
NOT). At the functional level, you 
can specify a complex Boolean ex- 
pression instead of using lengthy 
gate-level descriptions; DLS per- 
forms logic minimization on your ex- 
pression and uses the timing charac- 
teristics of the most appropriate 
models in its library for the simula- 
tion. At the behavioral level, you 
can specify a “black box” model in 
terms of a special behavioral specifi- 
cation language; this mode of opera- 
tion lets you simulate very complex 
logic and verify the critical timings. 

A logic simulator that has some 
unusual features is the $995 Susie 
(Standard Universal Simulator for 
Improved Engineering), which runs 
on IBM PCs and compatibles. First, 
it is based on an incremental com- 
piler, so you can load new JEDEC 
fuse maps for PLDs during the 
simulation without having to recom- 
pile the simulation model. This pro- 
gram provides three simulation 
modes: a high-resolution, 10-psec 
mode; an automatic glitch-detection 
mode; and a mode with unit propa- 
gation delays. You can change 
modes on the fly, and you can re- 
simulate any previous cycle in the 
new mode. Because the program is 
designed for board-level simulation, 
you can simulate multiple PLDs to- 
gether with microprocessors and 
glue logic (many PLD-design tools 
handle only single-chip designs). To 
speed up processing, the program 
automatically identifies all timing 
problems in the complete design 
and lets you limit subsequent simu- 
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This microwave/RF simulator from EEsof Inc runs on IBM PCs and compatibles and 


handles striplines as well as networks. 


lations to sections of the design in 
which timing problems exist. In ad- 
dition, you can have Susie automati- 
cally break your design into several 
parts for concurrent fault simula- 
tion on as many as eight separate 
PCs. The fault simulator (PAFS) 
comes as a $1950 option to Susie 
and processes 256,000 AND/OR 
gates per second on an IBM PC/AT. 

Another low-cost PC-based tool 
is the $950 GateSim offered by Tan- 
ner Research. This program allows 
you to simulate a design that has 
about 7000 gates on a PC/XT; if you 
have a PC/AT, the virtual protected 
mode allows you to access 16M 
bytes of memory and simulate a de- 
sign with as many as 250,000 gates. 
Because the program is written in 
assembly language, it’s very fast; 
according to the vendor, a 5000- 
gate design with a 2000-vector test 
suite finishes in 10 minutes on a 10- 
MHz PC/AT. 

Traditionally, analog circuits and 
digital circuits have been handled 
quite separately for simulation pur- 


poses, because of their very differ- 
ent characteristics. At present, 
however, it’s no longer possible to 
make this rigid distinction. At the 
board level, for example, a digitally 
controlled adaptive filter has both 
digital and analog circuits that in- 
teract with each other. The mixture 
is starting to occur also at the chip 
level; a surprising number of ASICs 
and custom chips contain both digi- 
tal and analog blocks. If you have 
access to both a digital simulator 
and an analog simulator, you can 
run separate simulations for each 
portion of the system, but that 
procedure is far from satisfactory, 
because the actual hardware may 
exhibit interactions that neither 
simulator picks up. 

According to David Smith, vice 
president of engineering at Analogy 
Inc, the optimum solution is to com- 
bine the matrix techniques of an 
analog simulator with an event- 
driven digital simulator (Ref 1). Be- 
cause not all of a digital circuit is 
active at once, the simulator can 
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Spectrum Software’s MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi- 
neers tackle tough design and simulation 
problems right at their PCs. 
MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field- 
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 


Shape Editor 


A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 


MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com- 
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We’d like to put you in 
touch with a top digital solution. 


Timing Simulator 


The program provides you with a top-notch 
interactive drawing and analysis environ- 
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea- 
tures a sophisticated schematic editor 
with pan and zoom capabilities. 
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@ Total capacity of 10,000 gates 

™@ Integrated schematic editor 

™@ Fast assembly language routines 

™@ Standard parts library of 200 types 
@ Event-driven timing simulator 
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MICRO-LOGIC II: 
tool with a 10,000-gate 
r for your PC. 


@ Built-in shape editor 
@ Multiple delay models 
@ Printer and plotter hard copy 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-LOGIC II is a registered trademark 
of Spectrum Software. 


Hercules is a registered trademark 
of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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make use of an event queue, which 
speeds up the simulation because 
the simulator does not have to deal 
with inactive circuit elements. The 
two simulators should run concur- 
rently, each controlling the other’s 
progress in time. However, combin- 
ing the two techniques poses a num- 
ber of problems, not the least of 
which is the modeling language: Us- 
ers shouldn’t be forced to describe 
counters in analog terms or to de- 
scribe op amps in digital terms. The 
most advanced multimode simula- 
tors resolve most of these problems, 
and several provide fast execution 
and a consistent user interface. 

Analogy Inc and HHB Systems 
Inc have jointly developed Saber/ 
CADAT, which they claim is the 
first simulator that can simulate an 
entire multimode system rather 
than only small segments of multi- 
mode circuitry. It allows you to 
simulate ASIC designs for both ana- 
log and digital elements in modes 
that represent the lowest (compo- 
nent) through the highest (behav- 
ioral) levels. A special algorithm 
(the Calaveras algorithm) allows 
Saber to take optimum time steps 
until a digital event requires analog 
simulation processing; Saber then 
re-evaluates its solution and contin- 
ues forward or adjusts backward 
along the time scale in order to 
guarantee accuracy. This approach 
allows both simulators to analyze 
the system simultaneously and to 
share their results. Saber/CADAT 
runs on Sun, Apollo, and VAX ma- 
chines and starts at $35,000. 

A slightly less expensive multi- 
mode simulator ($20,000) is 
Simucad’s PacSim. The latest re- 
lease (2A.4) provides a conditional- 
termination feature, which allows 
the simulation to terminate when a 
specified event occurs, instead of 
running for a fixed length of time. 
You can use this feature to help you 
analyze the results more quickly. 
The stop/start feature ensures that 
you can save circuit states during 
simulation and restart from any 
saved state instead of from time 
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zero. Also, you can change compo- 
nent values or model parameters 
before restarting, so that you can 
perform “what-if...” experi- 
ments. PacSim runs on a wide vari- 
ety of general-purpose computers. 

LSim ($49,000) from Silicon Com- 
piler Systems runs on Apollo, Sun, 
and MicroVAX machines. You can 
use it as a stand-alone tool or as 
part of the vendor’s Generator De- 
velopment Toolset. This simulator 
is based on an extensible set of 
simulation algorithms, all of which 
share a common infrastructure; 
thus, you can combine all the com- 
monly recognized levels of simula- 
tion for the blocks that make up 
your IC design. You can even alter- 
nate between simulation levels at 
specific time points during the simu- 
lation. The modeling language is a 
superset of the C programming lan- 
guage, so users who are familiar 
with C can quickly learn to exploit 
all of LSim’s features. 

One advantage of LSim for ana- 
log simulation is a circuit-simulation 
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algorithm that makes voltage, 
rather than time, the independent 
variable. Because Spice uses time, 
the analysis matrix grows as the 
square of the number of nodes in 
the circuit. The LSim simulator, on 
the other hand, only has to re- 
evaluate nodes that are changing 
from one voltage to another, so that 
the simulation time grows at a 
slower rate than the number of 
nodes. LSim also provides you with 
a choice of fault-simulation modes, 
including a statistical fault-analysis 
algorithm that greatly reduces the 
time needed to generate a fault- 
coverage estimate. 
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Introducing MAX. 
A totally new architecture that will 
change your thinking about EPLDs. 


Still think that EPLDs can't be fast and dense? ee 

Then prepare to erase and reprogram your thinking ) 

The new MAX family from Altera has a radically 
different EPLD architecture that can make __ sql heat 
your fastest, densest designs tly apa 
out the door in no time. | gon 

With twice the speed and three — 
times the density of conventional 
EPLDs. 

At the heart of the MAX architecture are 
Logic Array Blocks (LAB) incorporating three 
major innovations: 

First, streamlined, totally programmable macrocells ' 
with multiple control product terms that cover all your basic design needs. 

Secondly, Logic Expanders that let you assign additional product terms to any macrocell, 
for even more complex logic structures. So you can put additional logic where its needed, for 
better chip utilization and more buried logic capacity, 

Finally, decoupled |/O that lets you use all your pins and flip-flops independently So you 
can add huge amounts of logic, and still keep all your I/O options open. 

Tying it all together, a Programmable Interconnect Array links MAX's multiple LABs 

- , efficiently. 
es ue And when you combine the PIA with 
co a high speed, 0.8 micron CMOS process, 
you get high density devices with small 
device performance. 

And an EPLD architecture that wont 

confine you. 


In the new MAX architecture, 
streamlined macrocells, logic 
expanders and decoupled I/O combine 
to provide both speed and density. 


Macrocell 
Array 


Expander 
Product 
Term 


Array Logic Array Block 


(LAB) Diagram 


At the highest densities, MAX incorporates a Programmable 
Interconnect Array that lets you connect all your logic 
without routing bottlenecks. The result is high array density 
with small array performance. 


Get ready to can the idea 
EPLDs cantt be dense. 


Now you can pack the 
functions of 50TTL devices on 
a single MAX family EPLD. 


The key to MAX Is density and speed combined. 
But first, let’s do a little cramming on density, i 
Because of its streamlined logic array blocks, PIA and Trees : 

advanced process, MAX delivers three times the density of 

the largest conventional EPLDs. 

For instance, the MAX EPM5128 can take the place of 0 
or more TTL devices. Or 20 plus PALs, 

In fact, you can put the entire TTL Data Book on a few 
MAX EPLDs. Because MAX can accommodate exact 
functional equivalents of all popular /400 ‘ype Msl 
and SSI standard-logic parts. 

Which means you can still . 
design by The Book, while S Bencize O° 
enjoying all the benefits of . 
user- configurable logic. Plus 
you get the simplicity of using just a few MAX devices In del of — and hundreds 
of TTL part numbers. 

For — you can place a 74161 counter in the EPM5128. And take up only three 
| percent of the available space. 

Or add a 74151, 8-to-1 multiplexer to the same MAX device 
and consume less than one percent of space. 

So now, the functions that used to take up an entire board 
can fit easily into one extremely dense MAX part. 

A part that you'll also find to be extremely fast. 


If you're used to designing 
with TTL, you don't have to change your 
way of thinking. MAX accommodates exact functional 
equivalents of all popular TTL part numbers. 
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The MAX family runs at system clock 
rates up to 50MHz. Twice the speed 
of any other high density EPLD. 


Only the MAX family can give you the combination of speed and 
density you need in your next system design. 

And not just raw speed, but 
predictable speed as well. 

Because at higher densities, our 
Programmable Interconnect Array 
gives you predictable delays between 
all corners of the chip. 

And that means no more hair- 
pulling over lost speed. No gate array 
timing skews. No more multiple design 
iterations to get the speed you thought 
you were going to get in the first place. 
The result is more useable system 
performance at system clock rates up to 
50 MHz. 

Which makes MAX the fastest, high density CMOS EPLD in the world. For example, 
with our EPM5032, you can design a bus controller that runs at 32MHz while utilizing 
32 registers and up to 32 product terms feeding a single register 

And with our EPM5064, you can breeze through a 25 nanosecond address decoder 
5 ree » foracache controller and still achieve a fan-in of 25. 
| — For really big jobs like state-of-the-art DMA controllers, our 
EPM5128 has an array of expanders and macrocells that can easily 
soak up all the logic you need. 

All of these logic functions can be designed fast, too. In just a 
matter of hours, in fact. Because MAX Is Supported by software 
that's easy and quick to design with. 


MAX gives you the 
combination of high density and fast 
performance you need for your most advanced designs. 
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Fast, high density controller designs 
can be implemented with the 
EPM5032, 32- macrocell MAX EPLD. 


And block 
ab 
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out EPLDs being 


difficult to design with. 


The new MAX+PLUS'software 
makes every step of the 
design process quick and easy. 


Thanks to MAX+PLUS. 

Its software that uses powerful logic 
synthesis techniques that make design 
simple and intuitive. And it runs on your 
IBM PC AT" or compatible, or IBM PS/2” 

MAX+PLUS gives you a whole set of 
programs under the control of a super- 
vising database manager module. 

Included are a variety of design entry 
methods, a design processor, a timing 
simulator and programming software. 

A hierarchical graphics design editor lets 
you build your design from the top-down, starting with an overall device block diagram. 
Or you can go from the bottom-up, by first simulating small logic functions. 

You can select logic symbols from the complete 7400 series library or build your own 
custom library for your specific needs. 

And when you're ready to compile, the software will minimize and automatically place 
your design in MAX. So you don't have to. And it does it in minutes. 

MAX+PLUS even locates your design entry errors automatically, highlighting problem 
nodes on your schematic. Thus saving you time and trouble. 

MAX+PLUS also offers a convenient timing calculator that instantly displays your 
worst case delay between two points. Plus full timing simulation software to simulate 

= meg your entire design. 

7 MAX+PLUS software even solves the most 
important timing problem of all. Because it lets 
you put your custom design on your board in 
hours instead of weeks. Speeding you to market 
right on time, ahead of the competition. 


Working with MAX EPLDs can be very much like play _ 


MAX+PLUS gives you 
everything you need to complete your 
design. Including all programming hardware and software. 


The MAX+PLUS hierarchical graphics editor lets you organize 
your design from either the top-down or the bottom-up. 
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Now here's the cl 
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Faster design time, 
fewer parts on your board 
means Saves you money. 


The MAX family is your fastest, lowest cost way to get to market. 

Which has never been more important in the competitive 
electronics marketplace. 

In fact, a study by McKinsey and 
Company shows that getting 
to market six months ahead of 
a competitor can triple profits 
over the life of a product 

And the same study shows that 
even with a 50% development cost over- 
run, after tax profit would be reduced by only 
3.5 percent. 

But the beauty of MAX Is not only that it offers the shortest time to market of any logic 
technology, but it’s also one of the least expensive ways to go. Compare It to expensive 
NRE charges and the high risks of time consuming gate arrays. And you'll find theres no 
comparison at all. 

Compared to discrete TTL, CMOS or PALs, MAX not only speeds the design process, 
but also dramatically reduces your parts 
count and your board size. That's why 
MAX can mean all the difference 
between winning the largest piece of the 
pie, or getting stuck with whats left of 
the crust. 

With MAX you design for peanuts and 
end up with a fistful of dollars. 


To insure the lowest production unit cost, we 
also offer OTP plastic devices. 


Getting to market six months earlier than the competition could mean a 
tripling of profit over the life of the product. 


If youre ready to take the lead 
in logic design, here's your 
window of opportunity. 


Density, speed, ease-of-use, development costs —It all 
points to the MAX EPLD family as the leading choice 
for any level of logic design. 

So why not get started? Select the 
MAX device that's right for your | 
application. You can choose from 
a family of pin-compatible 
devices with a Tull range of densi- 
ties trom 16 to 128 macrocells. 

Get your new project off to 
a quick, profitable start today, 
And to an equally fast finish. In the 
US. call 1-800-545-3377 or return 
attached reply card, and well rush you~ 
more information on MAX. 

But do it now: 


While your window of opportunity is wide open. 


MAX+PLUS is a trademark of Altera Corporation. IBM is a registered 
trademark and PC AT and PS/2 are trademarks of International Business 
Machines Corporation. PAL is a registered trademark of Monolithic 
Memories, Inc. 


© 1988, Altera Corporation. 
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3525 Monroe Street, Santa Clara, CA 95051 
(408) 984-2800 


We'll help you 
get the work out... 


without the workout. 


If you spend time working with IC 
or Discrete semiconductors, you 
should get to know our DIGESTs. 


Because they can make your work 


go a whole lot easier. 


Quickly compare electrical 
specs, packages, pinouts; find 
alternate sources or replacement 
information; or go directly from 
generic or part numbers to 
technical and manufacturer data. 
All at your fingertips...your own 
personal library at your desk. 


Involved with MIL SPEC or 
Hi-Rel components? Our Hi-Rel/ — 
Military Digest can lighten your 
load. Simplified cross-referencing 
and a user-friendly format 
eliminate time-wasting searches 
through QPL’s, MIL-STD 1562, 


DATA. BUSINESS PUBLISHING ® 


Selecting or Specifying ICs 
or Discrete Semiconductors? 


DESC drawings and manufacturer 
catalogs. Searches that previously 
took hours can be done in minutes. 

And to keep up with the latest 
technology, the DIGESTs feature 
optional Updates, automatically 
sent to you either quarterly or semi- 
annually. 

We offer the DIGESTs 
separately, discount them in 
quantity, and, of course, all 
DIGESTs carry our 30-day 
moneyback guarantee. We also 
lease our database on magnetic tape. 


To find out more about how the 
DIGESTs can simplify your 


-workload, call our toll-free numbers. 


The D.A.T.A. DIGESTs: getting 
out the work doesn’t have to bea 
workout anymore. 


the DIGESTs— 


where semiconductor selection begins 


Call toll-free 1-800-854-7030, Ext. 570. In CA 1-800-421-0159, Ext. 570 e 9889 Willow Creek Road e P.O. Box 26875 e San Diego, CA 92126 
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Argentina 
BUENOS AIRES 
{01} 541 - 7141 to 7747. 
Australia 
ARTARMON 
{02}439 3322. 
Austria 

WIEN 

{0222} 60 101-820. 
Belgium 
BRUXELLES 
{02} 5256111. 
Brazil 

SAO PAULO 
{011} 211-2600. 
Chile 
SANTIAGO 

{02} 77 3816. 
Colombia 
BOGOTA (01) 249 7624. 
Denmark 
COPENHAGEN 
(01) 541133. 
Finland 
HELSINKI 

09 +358-0-50 261. 
France 
ISSY-LES-MOULINEAUX 
(01) 40938000. 
Germany 
HAMBURG 
{040} 3296-0. 
Greece 
TAVROS 

{01} 4894339/48 94 911. 
Hong Kong 
KWAI CHUNG 
{0)-2451 21. 
India 

BOMBAY 

{022} 4930 311/49 30590. 
Ireland 
DUBLIN 

{01} 693355. 
italy 

MILANO 

{02} 6752.1. 
Japan 
SIGNETICS 
TOKYO 

{03} 230-1521. 
Korea 

SEOUL 

{02} 794-501 1. 
Malaysia 
PULAU PINANG 
{04} 87 0044. 
Mexico 
TOLUCA 

(721) 613-00. 
Netherlands 
EINDHOVEN 
(040) 7837498. 
New Zealand 
AUCKLAND 
{09} 605-914. 
Norway 

OSLO 

{02} 680200. 
Pakistan 
KARACHI-3 
{021} 7257 72. 
Peru 

LIMA 

{014} 707080. 
Philippines 
MAKATI-RIZAL 
{02} 868951 to 59. 
Portugal 
LISBOA 

{619} 683121. 
Singapore 
SINGAPORE 
3502000. 
Spain 
BARCELONA 
{03} 301 63:12. 
Sweden 
STOCKHOLM 
{08} 7821 000. 
Switzerland 
ZURICH 

(01) 48822 11. 
Taiwan 
TAIPEI 

(02) 71 20500. 
Thailand 
BANGKOK 

{02} 233-6330-3. 
Turkey 
ISTANBUL 

{01} 14359 10. 
United Kingdom 
LONDON 

{01} 5806633. 
United States 
HICKSVILLE 
{516} 931-6200. 
United States 
SIGNETICS 
CORPORATION 
SUNNYVALE 
{408} 991 -2000 
Uruguay 
MONTEVIDEO 
{02} 985395. 
Venezuela 
CARACAS 

{62} 2393931. 
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Using advances in fabrication technology, moving from six 


¥ to three to one micron effective gate lengths, Philips CMOS logic 


now operates at speeds offered by the most advanced bipolar 
families, yet with all CMOS benefits. 


That’s Advanced CMOS Logic (ACL) from Philips. With an 
average gate propagation delay of 3 ns (150 MHz operation) and 
24 mA output sink/source capability, Philips ACL allows design- 
ers to implement CMOS benefits across the whole speed spec- 
trum of logic circuitry. 


New pinning for a new technology. 


Traditional IC pinouts, with supply pins at diagonally oppo- 
site corners, are a remnant from the days of single-sided print 
boards. They are inherently unsuitable for Advanced CMOS 
Logic, producing supply and ground noise resulting in reduc- 
tion of system noise margins, loss of stored data and lower sys- 
tem speed. Philips ACL has multiple supply pins at the centre of 
each side of the package, the input pins on one side of the pack- 
age, the output pins on the other side and control pins at the 
corners. 


The result is improved system reliability, simplified design 
and reduced board area. 

All Philips ACL ICs (74 AC/ACT 11XXX family) are available 
not only in 300 mil wide DIL packages but also in SO packages, 
sO you can use surface mounting techniques to increase pcb 
packing density even further. 


If youd like full information on this important logic devel- 
opment, just contact your nearest Philips office. 


For Advanced CMOS Logic, the name is Philips. 


Philips Components, Marketing Communications, Building BA, P.O. Box 218, 
5600 MD Eindhoven, The Netherlands. Telex: 35000 phtc nl/nl jevmc 
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E2POT is a trademark of Xicor, Inc. 


Organization 
X2201A IK x 1 
X2210 64x 4 
X2212 256 x 4 
X2001 128 x 8 
X2004 512 x 8 


*NOVRAM is Xicor’s nonvolatile static RAM device. 


in particular, I'm interested in the following Xicor 
E2 products: 


1 E?POF digitally controlled potentiometers 1] 256K CMOS E2PROMs 
C Serial 1/0 P-PROMs and NOVRAM [ NOVRAMs 

C0 4K/16K/64K E2PROMs C1 1 MEGABIT CMOS 

C 256K NMOS E2PROMs E7PROMs 


LC Please send me a FREE XICOR Data Book 
C Please have your representative give me a call 


EON-14A 
Name 

Title 

Company 

Address 

OCR a eo NON iS 


MONIT IN Et. 


XICOR, INC., 851 Buckeye Court, Milpitas, CA 95035 


Our CMOS E27PROM modules 
get you to market ahead 
of schedule. 


Chances are, your next-generation 
products call for more memory. And 
for less dependence on older, electro- 
mechanical devices like disks and 
tape drives. So you’ve been waiting 
for larger semiconductor memory 

to come along that offers a more 
reliable alternative. 

Now it has. With Xicor’s 1 Mega- 
bit EPROM modules, there’s no more 
waiting to get your next memory- 
intensive products off the drawing 
board. And out to your customers, 
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where they can start generating 
revenue sooner. 

Comprised of four Xicor-made 
256K CMOS E2PROMs, these mod- 
ules have the future built right 
in. Their 32-pin dual-in-line 
packaging is pin compatible with 
our upcoming monolithic CMOS 
megabit parts. So you'll be able to 
upgrade in the near future without 
any redesign effort. While realizing 
significant cost reductions over our 
already price-competitive 1 Megabit 
modules. 

Like all Xicor E2PROMs, these 
CMOS modules can shorten design 
cycles, too. They’re 5V only, non- 
volatile devices, configured in a 
convenient 128K x 8 organization. 
Plus they include JEDEC-approved 
Software Data Protection, which 
prevents inadvertent writing to the 
device during power-up, power- 
down or any unexpected condition. 
This feature eliminates the need 


for external hardware protection. 

And for help in hitting your 
market window, you can count on 
Xicor. To date, we've shipped over 
30 million 5V only E2PROM 
products—more than any other 
E2 manufacturer. We back the mod- 
ules with onsite technical design sup- 
port. The modules are available in 
commercial, industrial and military 
temperature ranges. 

So if you’re moving to the mega- 
bit E2PROM level—especially for 
low power, portable or harsh envi- 
ronment applications—get an early 
start. Call Xicor at (408) 432-8888 
today, or write: Xicor, Inc., 851 
Buckeye Court, Milpitas, CA 95035. 
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Conventional EEPROMs and flash EEPROMs 
offer a spectrum of bit densities 


John A Gallant, Associate Editor 


Applications abound for nonvolatile 
memory devices capable of occa- 
sional reprogramming. The storage 
of frequently used numbers in tele- 
phone equipment, password entry 
in security systems, patient-data 
monitoring in medical equipment, 
set-up operators in word processors 
and printers, and mission-configu- 
ration parameters in military coun- 
termeasure equipment are just a 
few that come immmediately to 
mind. 

Although UV EPROMs meet the 
requirements of these applications, 
you have to remove them from the 
system before you can reprogram 
them. Theoretically, you could 
overcome this limitation by design- 
ing-in a large number of DIP 
switches, but this approach has 
practical drawbacks—imagine try- 
ing to include 2000 DIP switches 
in your design! EEPROMs offer a 
feasible alternative. 

Nowadays EEPROMs come in 
two guises (see box, “The 
EEPROM: from the 70s to the 
80s”). The flash EEPROM uses hot 
electrons to charge the floating 
gate. Manufacturers are still 
searching for a term to distinguish 
the flash EEPROM from its fore- 
runner, a device that charges the 
floating gate through Fowler-Nord- 
heim tunneling. The term most 
often bandied about is the full- 
featured EEPROM. 

Because tunneling requires much 
less current for programming, 
manufacturers include charge 
pumps on full-featured EEPROM 
chips to develop the high program- 
ming voltage from a standard 5V 
input. In addition, the requirement 
of a select gate allows the tunneling 
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The flash EEPROM offers high bit densities and a chip-erase mechanism. Seeq’s 48F512 is 


a 512k-bit device available in 32-pin ceramic and plastic DIPs as well as surface-mount 


packages. 


device to be programmed on a byte- 
by-byte basis. These two features 
are not currently available on flash 
EEPROMs. 

Both NMOS and CMOS full-fea- 
tured EEPROMs are characterized 
according to how data is transferred 
to the chip—either serially or in 
parallel. Serial EEPROMs are 
popular in applications that require 
a small package size and when pro- 
gramming time isn’t critical. Paral- 


lel EEPROMs permit faster pro-— 


gramming yet exact a larger pack- 
age size. Because full-featured 
EEPROMs require a select transis- 
tor in each memory cell, bit densi- 
ties are restricted to 256 to 256k 
bits on one chip. 


Many cereals taste the same 
Serial EEPROMs operate more 
or less alike, but they have differing 
bit densities—256 to 4k bits. Most 
serial KEPROMs come in 8-pin 


DIPs. You command one of the pins 
(ORG) to set the memory organiza- 
tion to be either 8 or 16 bits wide. 
An external clock tied to the serial 
clock (SK) pin serially loads an in- 
struction word on the input data pin 
(DI) into on-chip holding registers. 
Each instruction consists of a start 
bit, a 2-bit op-code field, a memory- 
address field, and an optional 8-or 
16-bit data field. Once an instruc- 
tion is loaded, you externally set 
the chip-select (CS) line to execute 
the instruction. Program execution 
is transparent to the user. Data is 
serially clocked out of the device on 
the data-output (DO) pin. 

The industry-standard 93C46 is 
an example of a 1k-bit serial CMOS 
full-featured EEPROM (Fig 1). 
The device is available from Cata- 
lyst, ICT (International CMOS 
Technology), Sierra, and National 
Semiconductor. You can externally 
command the memory array to have 
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GANGPROSS ™ _an industrial 

grade GANG/SET programmer for high- 

volume production. 

@ 32-32 pin or 16-40 pin EE/EPROM 
Capacity. 

@ Reliable quad redundant design minimizes 
downtime. 

® Virtual algorithm code and space memory 
architecture assure upgradeability. 

@ Extensive error checking operations. 

@ Minimal operator skill required. 


* E4it Design Entry 
* Compile Cup file 
» JEDEC file editor 
* Input sinalation file 
* Siniiste tipi file : 
i) * View simulation results 
* Bevice selection 
* Help (CUPL quick reference) 
* Tutorial for PLD's 
* Quit 


CUP L” ...the first high level, universal 

language for PLDs. 

@ Schematic entry, state machine or boolean 
equation design formats. 

& Comprehensive data base support library. 

@ Compatible with MS-DOS, UNIX and VMS. 

G 24 hour/7day dial up bulletin board for 
update information. 

@ Worldwide field support. 
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ALLP] "the universal device 

programming workstation that grows with 

your needs. 

@ Programs over 1800 device types (PLDs, 
PROMs, Micros ). 

@ Continous device support program by 
floppies. 

@ No adapters or plug-in electronics. 

@ Totally pin/software driven. 

B Certified by major PLD manufacturers. 

@ High performance, menu-driven or macro- 
driven user interface software. 


1201 NW 65th Place. Fort Lauderdale, Florida 33309. (305) 974-0967. Toll Free 800-EE1-PROM. Telex 383142 
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Fig 1—The 93C46 is representative of the industry-standard serial EEPROM. This type 
of device comes in an 8-pin package, yet differs in bit densities. 


either a 64X 16-bit or a 128 x 8-bit 
organization. The external clock can 
operate as high as 250 kHz. If the 
chip decodes either an erase or a 
write instruction, it generates a 10- 
msec (max) erase/write pulse to 
execute the instruction after the CS 
line is brought low. You can also 
issue an Erase All or a Write All 
instruction, which lets you simulta- 
neously alter all locations in mem- 
ory. Depending on the manufac- 
turer, the device draws 3 to 4 mA 
while operating and 100 pA in 
standby mode. The 38-mA Catalyst 
CAT93C46 comes in either an 8-pin 
plastic DIP or single-outline sur- 
face-mount package and costs $2.60 
(100). 

To respond to the industry de- 
mand for a low-power serial 
EEPROM capable of operating 
from battery voltages, ICT recently 
introduced an extended-voltage 
version of the 98C46 EEPROM. La- 
beled the 93C46X, it operates from 
input voltages over the range of 2.5 
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to 6.0V. The maximum current 
drawn during active operation is 1 
mA; the standby consumption is 50 
wA (or less). The 1k-bit memory is 
arranged into 64 registers of 16 bits 
each. 

In addition, the company offers 
the 98C66X EEPROM, which has 
the same features as the 938C46X 
except that it has 4k bits of memory 
arranged as 256 registers of 16 bits 
each. Both devices are available in 
8-pin DIPs or SO surface-mount 
packages. The 93C46X sells for 
$2.20, and the 93C66X sells for 
$5.30 (100). 


Endurance is limited 

When EEPROMs undergo re- 
peated data alterations, they suffer 
from endurance limitations. The 
two predominant technologies used 
to manufacture EEPROMs today 
have different failure mechanisms 
and therefore have different endur- 
ance specs. The previously dis- 
cussed devices depend on a thin di- 


electric (approximately 100A) lying 
between two silicon surfaces to 
transport the charge. The thin di- 
electric, called Flotox for floating- 
gate tunnel oxide, experiences a di- 
electric breakdown effect after a 
certain number of erase and write 
operations. EEPROMs of this type 
typically have an endurance specifi- 
cation of 10,000-erase/write cycles 
per register and 10 years of data 
retention. 

Xicor takes a different approach. 
This manufacturer uses a textured 
polysilicon to deposit charge on the 
floating gate (Fig 2). This tech- 
nique depends on enhanced fields 
on the surface bumps of the polysili- 


con material. Charging and dis- 


charging the floating gate occurs as 
a result of Fowler-Nordheim tun- 
neling of the electrons through a 
thick dielectric layer (greater than 
500A). 

Xicor’s serial EEPROMs have bit 
densities varying from 2k to 16k 
bits. The company specifies a data- 
retention time of 100 years and a 
failure rate of 0.015% for 
EEPROMs requiring 10,000 data 
changes. Because only the surface 
of the textured polyoxide experi- 
ences the electrical field, Xixor’s 
cell is not as susceptible to dielectric 
breakdown as the Flotox cell. How- 
ever, the thicker oxide is more sus- 
ceptible to electron trapping. 


Parallel is always faster 

If your application requires fast 
read and write times, you'll want 
to consider a parallel EEPROM. 
With these devices, you access data 
on a per-byte basis (8-bit parallel). 
Current bit densities range from 4k 
to 256k bits. Xicor’s parallel 
EEPROMs, for example, have den- 
sities as great as 256k bits. Typical 
read-access times range from 150 to 
450 nsec. 

Some high-speed versions are 
available, however. Seeq offers a 
series of 16k-bit and 32k-bit high- 
speed EEPROMs that rival the 
read-access times of static RAMs. 
The devices have access times of 
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35 to 70 nsec. In addition, Xicor of- 
fers a 64k-bit EEPROM with a 
read-access time of 70 nsec. . 

Manufacturers generally specify 
the time to write a byte into a loca- 
tion in the EEPROM as less than 
©. or 10 msec—depending on the de- 
vice. Some EEPROMs, however, 
include on-chip features that effec- 
tively reduce the byte-write time. 

Seeq, for instance, sells a 64k-bit 
part and a 256k-bit part that in- 
cludes a 64-byte page buffer that 
the user can write to in a page 
mode. Each of these Timer E2? chips 
latches the row and column ad- 
dresses into itself, and an on-chip 
timer automatically loads anywhere 
from 1 to 64 bytes into the buffer. 
When the timer times out, all the 
bytes loaded into the buffer are si- 
multaneously written to their ad- 
dressed locations in the EEPROM. 
Although it takes 10 msec to write 
one byte into memory, a 64-byte 
page has an effective 160-wsec aver- 
age byte-write time. The 64k-bit 
part costs $13; the 256k-bit part 
costs $85 (100). 

AMD’s Am2864BE is another ex- 
ample of a 64k-bit parallel 
EEPROM with on-chip page-mode 
features. In this case, the page- 
write mode lets you write 1 to 32 
bytes of data in a single write cycle. 
The page mode consists of a load 
sequence that sequentially loads the 
byte address and the byte data into 
a 32-byte on-chip register. The load 
sequence is followed by a write se- 
quence that automatically erases 
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Flash EEPROMs can directly replace UV EPROMs. Intel’s 27F 64 and 27F 256 are direct- 
socket replacements for their 64k- and 256k-bit JEDEC-standard EPROMs. 


any data existing in an addressed 
cell before it writes it to the ad- 
dressed locations. The effective av- 
erage byte-write time is 312 usec; 
thus you can fill the 8k-byte space 
in 2.6 sec. A 250-nsec commercial- 
temperature version of the 
Am2864E sells for $9 (100). 

The Seeq and the AMD parts 
have bidirectional I/O data pins, 
which let you use data polling. Data 
polling provides a method of deter- 
mining the exact end of the auto- 


TEXTURED 
SURFACE 


POLYSILICON 


matic write cycle so that you read 
only valid data from the memory. 
Data polling complements the last 
byte sent to the page buffer while 
a write operation is in progress. A 
user-written software routine reads 
the data at this buffer location until 
the chip returns the valid data once 
again to this location when the 
write sequence is complete. The 
software routine ignores the data 
until it recognizes the byte as valid. 

These full-featured KEPROMsS’ 


SILICON SUBSTRATE 


(b) ERASING 


Fig 2—The textured-surface EEPROM cell uses three polysilicon gates. These Xicor cells make use of a thick tunneling owide to charge 


and discharge the floating gate. 
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50% Faster than the Industry St darc a 


CMOS Flash ADCs From IDT — 
Exceed Bipolar Ferioranel 


40M 


The IDT 75C48 and 75C58 8-bit 
Flash A/D Converters, manufac- 


tured using IDT’s CEMOS™ process, 


are pin and function compatible 
with the industry standard yet pro- 
vide higher speeds, lower operat- 
ing temperatures, and greater 
reliability. 

50% Faster. Uses Half the Power 
of Bipolar. The IDT 75C48 and 75C58 
run at a record breaking 30 MHz. 
The small signal input bandwidth 
exceeds 100 MHz. And with a50% 
power savings over bipolar, your 
system runs cooler and more 
reliably. 


Higher Reliability. The IDT 75C48 
and 75C58 use IDT’s on-chip Error 
Detection and Correction circuitry 
(patent applied for) to ensure that 
your data is not corrupted. No more 
missing codes over all temperature 
and voltage extremes. 


Full-Speed Performance. The 
IDT 75C48 and 75C58 signal to 
noise ratio (SNR) at 30 MSPS 
clock rate and 10 MHz analog input 
frequency is greater than 40dB over 
the full temperature range and 
power supply extremes. That’s more 
than a 1/2LSB accuracy improve- 
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ment over the bipolar industry 
standard. By testing SNR specs 
during production we can guaran- 
tee the performance of the final 
product. And that allows you the 
additional freedom to optimize your 
system by operating closer to the 
spec limits. 


Even Easier System 
Integration with the 
IDT 75C58 
In addition to the features 
found on the IDT 75C48, the 
IDT 75C58 offers extra en- 
hancements designed to 
ease system integration. 
C1 Overflow indication ensures that 
the input signal is within range. 
LC) Three-state outputs ease the use 


of multiple Flash ADCs ina 
system. 


LC) Power-down mode for 
ultra-low power 
applications. 


Expanded Package Options ™“ 

Packages include 28-pin plastic and 
hermetic DIPs, LCCs, and SOICs. 
MIL-STD-883C versions are also 
available. 
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Call For More Information 

If you have questions concerning 
price and availability, or need tech- 
nical information call our Marketing 
Hotline at (408) 492-8229. 


If you need literature, call (408) 
492-8225 and we'll send you 
a FREE copy of the IDT 
Data Book. It contains 
complete information on 
our other CMOS lines 
including SRAMs e 
FIFOs e Dual-Ports e 
ultra-fast RISC Proces- 
sors © Bit-Slice 
Microprocessors ¢ DSP 
Building Blocks ¢e BiCMOS ECL- 
Compatible RAMs ¢ CMOS FCT 
Logic ¢ Modules © and much more. 


When cost-effective performance counts 


Integrated 


Device Technology 


3236 Scott Blvd. 

PO. Box 58015 

Santa Clara, CA 95052-8015 
Tel. (408) 727-6116 

FAX (408) 988-3029 
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on-chip attributes exact a penalty, 
however. The select gate in each 
of the cells allows you to program 
the device on a byte-by-byte basis, 
but the extra gates occupy valuable 
chip real estate. Furthermore, the 
integrated charge pumps, timers 
(and, in some cases, write-protect 
circuitry) increase chip size and 
component cost. 

Flash EEPROMs surmount bit- 
density limitations, yet they aren’t 
cost prohibitive. Because flash 
EEPROMs have one polysilicon 
structure for the control and select 
gate, the flash cell size can be com- 
parable to that of a standard UV 
EPROM cell. Therefore, bit densi- 


‘similar to UV EPROMs. 


ties comparable to UV EPROMs 
are economically attainable. In ad- 
dition, flash devices require hot 
electrons to charge the floating gate 
Because 
the charging process requires large 


currents, manfacturers do not in- 


clude on-chip charge pumps on their 
devices, which conserves additional 
chip area. 


Built-in reset is the key 

The erase mechanism for flash 
EKEPROMs utilizes Fowler-Nord- 
heim tunneling to move electrons 
from the floating gate to either the 
source or the drain region. How- 
ever, because the control gate and 


the select gate are all one structure, 
there is no isolation between cells 
and all cells get erased simultane- 
ously. 

Intel builds its flash EEPROMs 
with its proprietary Etox (EPROM 
tunnel oxide) process. The Etox 
process incorporates a tunnel oxide 
into the company’s CHMOS II-E 
EPROM process to move the 
charge to the source of the flash 
cell (Fig 3a). 

In essence, the Etox process pro- 
vides an EPROM with a typical 1- 
sec electrical erasure time instead 
of the usual 20 minutes required to 
erase a UV EPROM. The current 
Intel product line consists of 64k- 


The EEPROM: from a 70s to the 80s 


The patriach of electrically alterable nonvolatile 
memory devices is the UV EPROM. In the mid 
1970s, Intel pioneered the development of the UV 
EPROM by creating an extra floating gate posi- 
tioned between the conventional gate and the sub- 
strate of an MOS transistor (Fig Aa). Intel renamed 
the conventional gate the control gate. 

When a high voltage (aproximately 20V) i is applied 
to the drain and the control gate, the large channel 
current (1. to 2 mA) is made up of high-energy, or 
hot, electrons. ‘Some of these hot electrons have 
enough energy to conduct through the insulating 
SiOz layer and deposit themselves on the floating 
gate. When the control gate operates from normal 
logic levels (0 to 5V), the cumulative negative charge 
on the floating gate (approximately —8V) affects 
the transistor’s pinch-off characteristics. 

The UV EPROM consists of an array of these 
types of MOS transistors. When a transistor in the 


array is selected, the transistor either conducts cur- 


rent or remains cut off, depending on whether its 
floating gate is negatively charged. You erase the 
UV EPROM by exposing the transistor array to 

an ultraviolet light for about 20 minutes. The energy 
in the ultraviolet light neutralizes the cumulative 
charge on the floating gates to approximately OV. 

_ Inthe early 1980s, memory-device manufacturers 
| began using another method to deposit charge on 
the floating gate. For some time it had been known 
that a strong electrical field applied across a thin 
layer of SIOg would induce low-energy, or cold, elec- 
trons in the silicon’s conduction band to tunnel into 
= os 8 conduction band. ‘This effect, Sas as 
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(a) UV EPROM CELL 


POLY-2 
(CONTROL) 


POLY-1 
(FLOATING) 


P-SUBSTRATE 


TUNNEL OXIDE FOR CHARGING 
AND DISCHARGING 


(b) CROSS-SECTION OF THE BASIC EEPROM CELL (EXCLUDING THE 
SELECT GATE) 


GATE OXIDE 


Fig A—As you can see, the differences between the conventional 
EEPROM cell and the UV EPROM cell are marked. 
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and 256k-bit parts that can be pro- 
grammed in less than 4 sec using 
an external 12.0 or 12.75V_ pro- 
gramming voltage. The failure rate 
of these devices is less than 0.01% 
for 100 erase and program cycles. 

The company also offers an ex- 
tended-endurance version of the 
256k-bit part that boasts a failure 
rate of less than 0.1% for 10,000 
erase and program cycles. A 256k- 
bit part with a read-access time of 
250 nsec and a standard endurance 
specification sells for $31 (100). An 
extended-endurance 256k-bit ver- 
sion costs $40.10 (100). 

The memory cell in Seeq’s prod- 
uct line of flash EEPROMs has a 


polysilicon control gate modified to 
create a pseudoselect transistor 
(Fig 3b). Electrons tunneling 
through a thin oxide layer to the 
drain region erase the floating gate. 
The cell size on the 512k-bit 48F512 
is 25 w~m2, which is comparable to 
a UV EPROM cell size. The mem- 
ory array consists of 128 sectors of 
512 bytes each. Using an external 
12V programming voltage, you can 
individually erase and reprogram 
each of the sectors, or you can erase 
the entire memory contents. The 
maximum erase time is 7.5 sec for 
either of the erase options. The 
write time is 1 msec/byte and the 
typical read-access time is 200 nsec. 


The part specifies an endurance of 
100 erase and program cycles, but 
is available screened to 1000 cycles. 
It comes in a 32-pin plastic or ce- 
ramic package and costs $33. 

Adhering to the pervasive eclec- 
tic approach to electronic-device de- 
sign, designers are beginning to in- 
clude intelligence on EEPROM 
chips. Because EEPROMs require 
a wP for programming, it seems 
reasonable to include the necessary 
intelligence on the same IC. 

Texas Instrument’s TMS370 fam- 
ily of peontrollers include full- 
featured EEPROM options for pro- 
gram development and data altera- 
tion. These ICs have, along with 


charge on the floating gate. This new method made 
possible the birth of the EEPROM (Fig Ab). 
_ Manufacturers had to overcome a number of diffi- 
— eulties in order to develop an EEPROM cell, how- 
ever. First they had to develop a thin-film SIO; 
layer 100A or less as compared with the >500A 
S10» layer in the UV EPROM. Like the UV 
EPROM, an EEPROM requires a high voltage on 
_the control gate. The capacitive coupling between 
the gates induces a voltage on the floating gate to 
create the electrical field across the thin SIO, layer. 


Because the tunneling current of an EEPROM is 


small (on the order of 1 nA), the floating gate is 
programmed with a lower cumulative charge than 
its UV EPROM counterpart. Therefore, when the 
cell operates from standard logic voltages, the chan- 
nel can draw current in both of the peau 


_ states. 


To eet the cell from the other calle 3 in an 


_ EEPROM array, each cell requires a select transis- 
_ tor. When the select transistor turns on, a current- 
- sense amplifier determines the programmed state 


of the cell. 

The requirement of a led transistor is both a 
blcssing and a curse. The select transistor requires 
extra cell area. Whereas the typical UV EPROM 
cell area is 25 m2, the typical EEPROM cell can 


. _ be 50 pm2 or greater. The extra area limits the 


- maximum economically feasible bit densities of 
_EEPROMs to 256k bits. 

You can erase and write to the EEPROM on a 

_ byte-by-byte basis, however. The cell’s select tran- 
sistor isolates the storage transistor from other cells 
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in the array when programming a particular column. — 


Erasure is no more than a write operation, which 


charges the floating gate of a selected cell. A write 
operation consists of grounding the program line for — 


a selected row and raising the appropriate column 
lines to a high voltage (15 to 20V) to match the 


desired data pattern. The high-voltage column lines _ 


discharge the floating gates of the selected cells. 
The flash EEPROM is a recent innovation that 
overcomes the the high cost and low density of what 


are now referred to as full-featured EEPROMs. The - 


flash EEPROM combines the programming tech- 


niques of UV EPROMs with the erasure techniques | 


of EEPROMs. In much the same manner as the 


UV EPROM, the flash EEPROM charges the float- 


ing gate by injecting hot electrons through a thick 


SIO layer. A small portion of the floating gate over- _ 
laps the drain (or the source) region, which is sepa- 


rated by a thin oxide layer. The charge on the float- 


ing gate is removed when the control gate is 
grounded and the electrons are tunneled through 
the thin oxide layer as a result of applying a high 
voltage to the drain (or the source). 

Because the floating gate gets charged to a high 
negative voltage, the control gate can govern the 
cell operation similar to the UV EPROM cell. This 


control eliminates the need for a select gate so a : / 


the cell size of a flash EEPROM is close to that of 
a UV EPROM. However, without a select transis- 


tor, no isolation exists between cells in the array, _ 


and therefore the erasure operation discharges all 
of the ne ssi in the array. 


95 


TECHNOLOGY UPDATE 


CONTROL GATE 


SOURCE 


SILICON SUBSTRATE 


(a) INTEL'S FLASH CELL 


DRAIN 


PSEUDOSELECT 
TRANSISTOR 


FLOATING GATE 


CONTROL GATE 


SILICON SUBSTRATE a 


FLOATING GATE 


(b) SEEQ’S FLASH CELL 


Fig 3—Although flash EEPROM cells differ in structure, they do have commonalities. The floating gate is charged using hot electrons 
and is discharged via Fowler-Nordheim tunneling. 


an A/D converter and other periph- 
erals, 4k bytes of program memory 
and either 256 or 512 bytes of data 
memory in EEPROM. The data 
memory has a 10,000-cycle endur- 
ance spec and a 10-year data-reten- 
tion specification. The TMS370C010 
and the TMS370C310 are available 
in 28-pin plastic DIPs and cost $3 
and $7, depending on quantity. 
Sierra Semiconductor recently 


expanded its CMOS library of stan- 
dard cells to include a 256-bit 
EEPROM megacell array. You can 
combine the EEARRY256 in an 
ASIC with over 300 digital cells and 
50 analog cells. Available in 64 x 4-, 
32x 8-, and 16X16-bit configura- 
tions, the megacell has an endur- 
ance specification of 1-million write 
and erase cycles. It retains data for 
25 years. The nonvolatile memory 


eee a, 


For more information... 


For more information on the EEPROMs described in this article, contact the 
following manufacturers directly, circle the appropriate numbers on the Infor- 
mation Retrieval Service card, or use EDN’s Express Request service. 


Advanced Micro Devices 
901 Thompson Pl 

Box 3453 

Sunnyvale, CA 94088 
(408) 732-2400 

Circle No 720 


Catalyst Semiconductor Inc 
2231 Calle DeLuna 

Santa Clara, CA 95054 

(408) 748-7700 

FAX 408-980-8200 

Circle No 721 


Intel Corp 

Literature Dept W-424 
3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 765-8080 

Circle No 722 


International CMOS Technology Inc (ICT) 
2125 Lundy Ave 
San Jose, CA 95131 
(408) 434-0678 
FAX 408-434-0688 
Circle No 723 


96 


Seeq Technology Inc 
1849 Fortune Dr 

San Jose, CA 95131 
(408) 432-7400 

Circle No 724 


Sierra Semiconductor Corp 
2075 N Capitol Ave 

San Jose, CA 95132 

(408) 263-9300 

TLX 384467 

Circle No 725 


Texas Instruments Inc 
Semiconductor Group, SC-828 
Box 809066 

Dallas, TX 75380 

(800) 232-3200 

Circle No 726 


Xicor Ine 

851 Buckeye Ct 
Milpitas, CA 95035 
(408) 432-8888 
FAX 408 432-0640 
Circle No 727 


has a 10-msec write cycle and a 125- 
nsec read-access time. The company 
estimates that the inclusion of the 
megacell adds $1.25 (50,000) to the 
cost of a mixed analog and digital 
semicustom chip design. 

Catalyst Semiconductor, which 
makes a line of serial and parallel 
full-featured EEKPROMS, has not 
only incorporated a wC with a serial 
EEPROM on an IC but has in- 
cluded security features as well. 
The CAT385C704 requires the entry 
of an access code word, which can 
range from 8 to 64 bits, before you 
ean access the 4k-bit EEPROM 
data. The IC is designed for the 
smart card market, which requires 
a secure nonvolatile, but alterable, 
storage device. The data in memory 
can be separated, so that users 
without security clearance can ac- 
cess one section while only those 
with a “need to know” can access 
the other. | | 

The chip has eight connections so 
it can reside in an 8-pin DIP or a 
direct-mounting assembly. If you 
require more intelligence than that 
provided by its on-chip controller, 
you can connect the CAT35C704 to 
an 8051 or COPS family of wCs 
through serial I/O ports. An 8-pin 
DIP version costs $16 (100). 


Article Interest Quotient 
(Circle One) 
High 509 Medium 510 Low 511 


EDN October 27, 1988 


ee 


Sonat 


ae 


¥ 
He 
TH 
a 
Hs} 


Bona Wty i 
ae i i 
at Baa s HR RGIOMO 


He 


| 


3 


BSA HAI a aten TTA aS at 


nit 
es 
tH 


Today, were offering fifteen proven: 

SDN devices for terminal and switching de- 
signs. With more to come soon. a 
—__ And this family of devices is modular. 
Future advances will fit right into your systems 
without redesigns. oe 
Reach out andtouchsome _ 

_ developmenttools, 

Je have a complete range of 

ed hardware and software de 
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are boring. 


Theyre easy to design. Theyre ready on time. 
And first-time success is virtually 100%. 


You've heard all about the excitement of 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youve probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don’t always work in the real 
world. And that causes excitement you can do 
without. 


How to get first-time success. 


It starts with our Design Simulation Software. 
It’s been rated the best in the industry by the 
people who should know—designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta- 
tions in the industry, creating and revising 
your ASIC with ease. 


The standard cell advantage. 


You'll really appreciate the power of our 
standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5u (.9u coming soon). And double- 
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C51 core micro, RAMs, analog functions, 
bit-slice processors, HC/HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren’t enough, we can even generate 


Supercells to your specs. 7 

And we're also in the forefront of silicon 
compiler technology. So we can offer you the 
ability to create designs that are heavily BUS- 
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, thanks to our alternate- 
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; and a 
joint-development agreement with Siemens 
and Toshiba on the Advancell® library of 
small-geometry cells. 


Gate arrays, too. 


If gate arrays are better for your design, 
you'll be able to choose from our full line up. 
to 50,000 gates, with effective gate length as 
small as 1.2u and sub 1 ns gate delays. 

These gate arrays use “continuous gate” 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

We also alternate source the LSI Logic 5000 
series. 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro- 
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn't itr 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
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CONTROL DATA 
JUST CHANGED 


THE DISK DRIVE 
INDUSTRY 
FOR GOOD. 


Control Data has just 
created a new, separate 
subsidiary called 
Imprimis Technology 
Incorporated. But you 


can just call us Imprimis. 


It means “in the first 
place:’ We think it fits— 
because we are. And we 
intend to remain there. 
First in high-perform- 
ance, high-capacity disk 
drives. First in quality. 
First in service and 


customer satisfaction. 
We introduced the 
world’s first 200 mega- 
byte disk drive in a 
3% inch form factor: 
the SWIFT™ WREN™ 
5% inch disk drives were 
the first to break the sub- 
20 millisecond seek time 
barrier and they’re still 
the fastest 5% inch drives 
in the world. The SABRE™ 
8 inch disk drive was the 
first drive of its size to 


offer over 1,200 mega- 
bytes of storage. And in 
survey after survey of 
the OEM drive business, 
we ranked first in cus- 
tomer service. 

So, just because 
we changed the name 
doesn’t mean we're going 
to change our ways. 
We're going to stay the 
world’s leading supplier 
of OEM data storage 
products. 


IMPRIMIS 


A Subsidiary of Control Data 
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_TECHNOLOGY UPDATE 


a floppy-disk drives suit mainstream uses 


i j 


: Meas Wid, Regional Editor 


Manufacturers of floppy-disk drives 
are starting to offer 3’4-in. models 
that store 3M to 20M bytes, and 
the main question is whether this 
new breed of floppy drives will ven- 
ture forth into mainstream applica- 
tions or, like their 5’/-in. high- 
capacity cousins, be relegated to 
niche applications. In terms of tech- 
nology, the new 3’4-in. drives are 
well suited to mainstream uses like 
general back up, program and data 
distribution, and primary storage. 
But logistics may decide the issue: 
Factors such as media, interfaces, 
cost, and read/write compatibility 
with lower-capacity drives may de- 
termine how much of an impact 
these high-capacity drives will have 
on major application areas. 
Virtually every computer system 
shipped, and many products with 
embedded computers, include at 
least one floppy-disk drive. Most 
often, the lower-capacity floppy 
drive serves only to boot the com- 
puter initially and then to load pro- 
grams onto the system. The 3M- to 
20M-byte 3'4-in. drives do a lot 
more: A 20M-byte drive can be the 
primary storage, for instance, for 
a laptop, or even a desktop, com- 
puter. What’s more, performance of 
some of the new floppy drives rivals 
that of some low-cost Winchesters. 


Drives provide data security 
High-capacity floppy drives also 
provide an attractive alternative to 
tape drives for wC backup applica- 
tions. The drives offer an effective 
way to store graphics images that 
ean quickly fill even a large Win- 
chester drive. And, the drives can 
store sensitive data that require 
vault storage when not in use. 
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Servo tracks optically inscribed on standard floppy media allow the Insite Peripherals 
Floptical drive to store 20.8M bytes at a track density of 1250 tpi. 


Based strictly on technological 
grounds, you can integrate floppy 
drives into various applications, and 
meet with limited success. For ex- 
ample, users often only back up 
data from their own system and 
don’t swap data with other systems, 
so compatibility doesn’t become an 
issue. Nor does it become an issue 
for manufacturers of captive sys- 
tems, such as a single-source closed- 
architecture computer. And some 
end users, such as those concerned 
with data security, frequently place 
less emphasis on media, cost, and 
compatibility issues. 


Downward compatibility is key 
To achieve mainstream status, 
however, high-capacity floppy-disk 
drives can ignore neither cost nor 
compatibility. A resolution to the 
compatibility problem for these 
drives can come about in one of two 
ways: IBM could impose a standard 
by adopting a high-capacity 3°4-in. 
floppy-disk drive for some of its 


products. Or, the drive manufactur- 
ers can offer downward compatibil- 
ity with the standard 720k-byte 3’A- 
in. drive. Insite Peripherals’ presi- 
dent James Adkisson believes a 
drive must offer downward read/ 
write compatibility, plus be low in 
cost and be accepted as a de facto 
standard with multiple sources, be- 
fore it can become the primary 
floppy drive in an open system, 
such as an IBM-compatible personal 
computer. 

For users of personal computers, 
workstations, and even minicom- 
puters, a standard high-capacity 
3'4-in. floppy drive would offer dis- 
tinct advantages over other de- 
vices. Floppy drives have the ad- 
vantage of random access compared 
with tape drives in archival and 
backup roles. Publishers could dis- 
tribute software and data on a sin- 
gle floppy disk rather than many 
low-capacity disks. In addition, the 
high-capacity drives could provide 
truly transportable primary stor- 
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PC 1/0 BREAKTHROUGHS 


we 7 
Direct-to-Disk 
190KB/s Data Transfer 


PClI-20096S series software drivers 
transfer huge amounts of data both to 
and from disk. Archives data for event 
analysis, environmental monitoring, 
etc. Operates with hard disk, RAM 
disks, floppy disks and tape drives. 
Available for BASIC, C and TURBO 
PASCAL. 


we 
PC Expander 
Holds 7 Boards 


The PC Expander (PCI-20055H 
series) features easy-access 7-slot 
board expansion capacity with fan- 
cooled 200W power supply. Permits 
up to 600 channel data acquisition 
systems. Accepts other PC compati- 
ble expansion boards. PCI-20063A-1 
host interface board required. 


we = 
Analog & Digital 
SuperBoards 


Unequalled cost/performance plus 
FREE Basic Software drivers with: 
@ PCI-20093W-1 Analog Output 
Board with up to 31K ch/sec. 
8 channels, V or | output. 

@ PCI-20089W-1 16/8 channel 
Analog Input Board with 32KHz 
sample rate and programmable 
gain. 

= PCI-20087W-1 40 channel Digital 


I/O Board. 


g@ Real-Time we we 
Industrial Control 
& Monitoring 


DSP Professional 
bet Processes 
aay, PC Data 
200X Faster 


Relay Ladder Logic 
Software 


Process monitoring and control PCI- 
20073S-1 software converts your PC 
into a high-performance Program- 
mable Logic Controller. Features Relay 
Screen Editor and single-key selec- 
tion and entry of conventional Relay 
Ladder Symbols. Also includes Math 
Functions, Logic and Jumps, Pass- 
word Security and more. 


LT/Control software (PCI-20097S-1) 
provides process control, data log- 


Supercharged digital signal process- 
ing based on the industry standard 
ging and process monitoring. Pro- Tl TM320C25 processor. Up to 


96KWords of on-board high speed 
memory with zero wait states. Pow- 
erful I/O options include analog 1/O, 
digital |1/O counters and timers. 
Extensive DSP software available. 


vides for full-color animated, 
customized process-flow diagrams in 
real-time. Open loop and closed loop 
(PID) control algorithms included. No 
programming skills needed. 


Burr-Brown is the price/performance leader. Send for 
your free PC Instrumentation Handbook and you'll 
understand why. Call 602/746-1111 or write Burr-Brown, 
1141 West Grant Road, MS131, Tucson, AZ 85705. 


Never before have PC data acquisition, test, 
measurement and control products offered so much 
performance for so little money. Plus, each member 
of this all new hardware and software line-up is fully 
compatible with Burr-Brown’s extensive PCI-20000 
family, offering you the ultimate in flexibility and 
expandability. When it comes to PC data acquisition, 


BURR -BROWN® 
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age—you could take your software 
with you. 

Three companies, Toshiba, Insite 
Peripherals, and Brier Technology, 
have introduced high-capacity 31- 
in. drives, which should all be avail- 
able in production quantities around 
the end of the year. The three prod- 
ucts are vastly different from one 
another. Toshiba’s $100 (1000) PD- 
210 drive stores 2.95M bytes for- 
matted (4M bytes unformatted) and 
uses a perpendicular-recording 
scheme. The $250 (5000) Model I825 
Floptical drive from Insite features 
an optical-servo-tracking scheme 
and stores 20.8M bytes formatted 
(25M bytes unformatted). 


Servo guides head 

The BR 3020 drive from Brier 
Technology costs $350 (5000) and 
stores 21.4M bytes formatted (25M 
bytes unformatted). This drive uses 
a magnetic servo signal buried be- 
neath the magnetic data. Irwin 
Magnetics plans to second source 
the Brier drive, although it has not 
announced production dates. 

The available drives have one 
common feature—each product uses 
the standard 3'-in. flexible-media 
cartridge. They don’t, however, use 
the standard magnetic oxide coat- 
ing—all of the new drives require 
barium ferrite media. Once consid- 
ered to be more costly, barrium fer- 
rite is now a thoroughly viable me- 
dia: it’s economical, available, and 
technologically superior for some 
applications. Insite’s drive can oper- 
ate with the standard 1.4M-byte 
3'4-in. oxide media, but the com- 
pany recommends barium ferrite 
disks. In fact, drive and media 
manufacturers agree that even 
1.4M-byte 3’4-in. drives work bet- 
ter with barium ferrite media than 
with the high-density oxide media. 

The Toshiba PD-210 is the only 
one of the three drives coming out 
this year that uses the standard 
barium ferrite disks. Toshiba has 
begun producing 3’4-in. barium fer- 
rite disks in volume, and other me- 
dia manufacturers plan to do so 
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Using perpendicular-recording technology and a 34,868-bpi recording density, Toshiba 
produces the PD-210 2.95M-byte floppy-disk drive that maintains read/write compatibility 
with 720k-byte drives. 


soon. The high-capacity oxide disks 
for 1.4M-byte drives currently re- 
tail for about $5, and manufacturers 
plan to offer barium ferrite disks 
at a competitive price by year’s end. 


Disks use barium ferrite 

The drives from both Brier and 
Insite require preformatted media. 
The buried-magnetic-signal scheme 
Brier uses must be written on the 
barium ferrite media with a custom 
magnetic servo writer. Initially 
Brier and Irwin will supply the 
servo-written disks. The companies 
expect them to retail for $25. Brier 
also plans to license media manufac- 
turers to produce the disks. 

The Insite drive requires a mag- 
netic disk that has optical servo 
tracks inscribed on it. The company 
plans to start selling the media for 
a retail price of $20. It believes it 
can drop that price to $10 within a 
year. Insite has licensed Dysan and 
Verbatim to produce the disk and 
plans to license other media ven- 
dors as well. 

Of the three products, Toshiba of- 
fers the most inexpensive drive and 
media, but it also makes the lowest- 
capacity product. The company 
uses the exact same mechanics in 
its 2.95M-byte drive as it does in 
its 1.4M-byte drives. The PD-210 


just has an increased bit density 
(34,868 bpi); the track density—135 
tpi—is the same as the density on 
its 720k- and 1.4M-byte disks. 

By keeping the track density con- 
stant, Toshiba claims to have pro- 
duced a drive that can read and 
write 720k-byte disks, but skeptics 
don’t believe the perpendicular- 
recording heads can reliably write 
the 720k-byte disks, which are 
based on longitudinal recording. 
The company has also demon- 
strated a 16M-byte drive that uses 
the perpendicular-recording tech- 
nology, and a servo scheme for 
higher track density. 

Insite also based its drive on 
standard 3’-in. floppy-disk-drive 
mechanics. A standard stepper mo- 
tor performs the basic head move- 
ments. The head carriage, how- 
ever, carries both a magnetic head 
for reading and writing data and an 
optical sensor adapted from CD- 
ROM technology. The optical sen- 
sor follows the optically inscribed 
tracks, which are essentially con- 
centric circles defining magnetic 
tracks between adjacent circles. A 
servo motor mounted on the head 
carriage makes the finer head ad- 
justments based on the optical feed- 
back. 

Adkisson believes Insite has 
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adopted the best of optical and mag- 
netic technology in its drive. He 
points out that the optical technol- 
ogy from CD-ROMs yields a high 
track density at a low cost—the 
F loptical drive features 1250 tpi. Its 
recording density is 24,145 bpi. 


Drive works with flawed media 

Adkisson also thinks that manu- 
facturers can produce media less ex- 
pensively for the Floptical drive 
than for drives that use a magnetic- 
servo scheme. He claims the opti- 
cal-inscription process costs less 
than magnetic-servo writing. And 
he points out that the Floptical 
drive can work with flawed media, 
whereas magnetic-servo drives re- 
quire flawless media. The current 
Floptical drive can’t read or write 
720k-byte disks; Adkisson does ad- 
mit that read/write compatibility is 
one of the company’s goals. 

Brier’s drive can’t read or write 
720k-byte disks either. But Jack 
Taylor, Brier vice president of mar- 
keting and sales, doesn’t believe a 
20M-byte drive has to have read or 
write compatibility to succeed. Tay- 
lor claims that the 20M-byte 3/-in. 
floppy drive belongs to a product 
class that’s different from 720k-byte 
drives, and that compatibility is un- 
necessary for these high-capacity 
products to gain broad acceptance. 
Taylor claims Brier engineers could 
add a read-only feature to the BR 
3020 for 720k-byte disks in one 
quarter, but prospective customers 
have not requested such a feature. 


Servo partitions media 

The Brier technology revolves 
around recording a low-frequency 
servo signal that’s located beneath 
the high-frequency data signal. A 
cross section of the media would 
show the magnetic coating on top 
of a substrate. Brier divides the 
magnetic coating into upper and 
lower halves. A servo writer re- 
cords the servo signal in the lower 
half of the magnetic coating (adja- 
cent to the substrate). The drive 
reads and writes a high-frequency 
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A magnetic servo signal buried beneath the 
magnetic data continuously keeps the 
21.4M-byte Brier Technology BT 3020 drive 
on track and allows the drive to offer a 35- 
msec average-access time. 


data signal in the upper half of the 
coating. 

Some 5’4-in. high-capacity floppy 
drives use a servo signal embedded 
at the start of each sector. Using 
its buried-signal technology, how- 
ever, Brier can make use of the en- 
tire data surface of a disk. And the 
Brier drive can continuously moni- 
tor the servo signal. This technol- 
ogy yields a track density of 777 
tpi and a recording density of 26,000 
bpi. Brier also employs zone-bit re- 
cording, which increases the num- 
ber of sectors per track of the out- 
side tracks in comparison with 
those of the inside tracks. 

The performance offered by the 
high-capacity 3’4-in. drives also var- 
ies with the drive technology. For 
example, Brier’s drive uses a 
closed-loop magnetic servo with a 
voice-coil actuator similar to Win- 
chester drives and features an av- 
erage seek time of 35 msecs. The 
Insite 1325 based on a stepper mo- 
tor performs an average seek in 65 
msecs. Toshiba’s PD-210 has a 94- 
msec average seek time. 


Physics affects transfer rate 

The recording density, encoding 
scheme, and rotational speed of the 
drives determine their respective 
data transfer rates. The Toshiba 
PD-210 uses modified FM encoding, 
rotates the disk at 300 rpm, and 
transfers data at 1M bps (2 times 


the speed of a 720k-byte drive and 
4 times the speed of a 1.4M-byte 
drive). 

Both the Insite and Brier drives 
use a run-length-limited (RLL) code 
to encode data, and both offer a ro- 
tational speed of 720 rpm. The In- 
site Floptical drive offers a 1.6M- 
bps transfer rate. And Brier’s BR 
3020 transfers data at 2.2M bps. 

The electrical interface of each 
drive also affects performance. 
Toshiba has simply modified the 
standard floppy-disk drive interface 
by adding an additional mode signal 
on an unused pin. A single signal 
currently lets you select either a 
720k-byte or a 1.4M-byte operating 
mode. And a new signal lets you 
select the 2.95M-byte mode. 
Toshiba offers a disk-control chip 
set compatible with the industry- 
standard NEC 765; the set can han- 
dle the 2.95M-byte drive. A control- 
ler built for the 2.95M-byte drive 
can also handle 720k-byte and 1.4M- 
byte drives. 


SCSI speeds transfers 

Both Brier and Insite include a 
SCSI (Small Computer Systems In- 
terface) controller embedded on 
their drives. The Insite [825 can 
transfer data from its buffer across 
the SCSI bus at 2M bytes/sec. 
Brier’s BR 3020 offers SCSI trans- 
fers at 1.25M bytes/sec. The intelli- 
gence built into the SCSI-based 
drives will at some point let Brier 
and Insite offer features such as 
read-ahead caches that effectively 
increase the drive transfer rate to 
the SCSI transfer rate. 

Interfacing is also an important 
issue. IBM-compatible personal 
computers, for example, currently 
use the standard floppy-disk drive 
interface like the one on the Toshiba 
PD-210. Of course, you must have 
a controller that can handle the 
2.95M-byte drive, but once you 
have that, the PD-210 can work 
with all IBM-compatible operating 
systems and hardware environ- 
ments. 

In order for the SCSI-based 
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SPR AGI | K Sprague presents a versatile cast of rugged, metallized-film and film-foil, film-wrapped 
capacitors for applications where high- -performance, high packaging density and moderate 

; & : cost are essential. Features include 

HIGH-PERFORMANCE “22s 

ae dingeeens: ~—“ operation and exceptional stability, 

KIL ‘~ /e C AP A tT low-loss, close tolerances, long-life and high 

1a Bs | @ ‘eliability. Dielectrics include Polyester, 


Polycarbonate, Polypropylene, and 
Polyphenylene Sulfide (PPS) films. Standard operating temperature ranges from — 55°C to + 150°C depending upon dielectric 
used; capacitance values from 0.0001 ,F to 30 wF, and voltage ratings from 30 to 15,000 VDC. Sprague lightweight, 
film-wrapped film capacitors are ideal components for your computers, communications, lasers, 
instruments and controls, medical equipment, aerospace and military applications. Write for Film 
Capacitor Quick-Guide, ASP-420L, to: Technical Literature Service, Sprague Electric Company, 
P.O. Box 9102, Mansfield, MA 02048-9102. 


CIRCLE NO 115 


LE laiieecitie UPDATE 


je more information . |; 


| For more etormation « on the floppy-disk drives discussed in this article, 
- eontact the following manufacturers directly, circle the appropriate numbers 
on the ee Retrieval Service card, or use EDN’s Express Request 


service. 


Brier Technology Ine ee 
2363 Bering Dr © se 
‘San Joce, CA 95131 
(408) 435-8463 
Circle No 735 


Insite Peripherals Inc 
2363 Calle del Mundo 
Santa Clara, CA 95054 
(408) 727-8484 

Circle No 736 


drives from Brier and Insite to 
work with IBM-compatible sys- 
tems, they need some type of 
driver. IBM products do not now 
support SCSI-type devices. So In- 
site and Brier will either have to 
provide emulation of the interrupt- 
18 hard-disk controllers prevalent 
in IBM-compatible personal com- 
puters, or provide an installable de- 
vice driver. As new operating sys- 
tems like OS/2 emerge that may re- 
quire different driver software, 
both companies do plan to offer the 
appropriate software support. 

Although you also need a SCSI 
host adapter to support the Insite 
or Brier drives on an IBM-compat- 
ible personal computer, Apple in- 
cludes SCSI as the primary mass- 
storage interface in its Macintosh. 
But Apple does not support the in- 
dustry-standard floppy-disk inter- 
face. Your system architecture may 
also dictate a preference for one of 
these interfaces. 


Capacity will increase 

In the next few years, you can 
expect even higher-capacity floppy- 
disk drives that offer even faster 
performance. Toshiba attempted to 
minimize the hardware/software 
impact of upgrading to a new floppy 
by starting at 2.95M bytes. And 
that company is aggressively trying 
to make the PD-210 an industry 
standard. It hopes to license Teac 
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Irwin Magnetics 
2101 Commonwealth Blvd 
Ann Arbor, MI 48105 
— (818) 996-3300 
Circle No 737 


Toshiba America Inc 
Disk Products Div 
9740 Irvine Blvd 
Irvine, CA 92718 
(714) 583-3150 © 
Circle No 738 


and Matsushita to produce the 
drives. Toshiba does have plans for 
higher-capacity drives as well. 
Brier’s Taylor and Insite’s Adkis- 
son believe that 2.95M bytes is too 
small an increase to encourage cus- 
tomers to buy the new drives. Al- 
though Toshiba has made the big- 
gest increase in recording density 
of the three, Brier and Insite have 
both engineered workable ways to 
boost track density—and you can’t 
design 20M-byte or higher-capacity 
drives without the schemes for in- 
creased track density. According to 
Adkisson, the Floptical technology 
will support even higher track den- 
sities and will produce a 100M-byte 
floppy drive within a couple of 
years. EDN 
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Miniature basic switches 
provide versatility 


The V Series of miniature, basic 
switches has a variety of low-cost so- 
lutions for your applications. The V7 
product is a cost effective design that 
features printed wiring board termi- 
nals which reduce installation costs. 
The V10 product serves as an 
effective option for on-off/off-on 
applications and its non-snap design 
is interchangeable with other 
industry standard products. 

Other features include special 
contacts for switching low energy 
circuits, and power handling 
capabilities of up to 25 amps. Some 
versions feature an operating force as 
low as 10 grams. The standard 
temperature tolerance range is -20° 
to +180° F (-4° to +85° C). 

For more information, contact 
MICRO SWITCH, The Sensor 
Consultants at 815-235-6600. 


Subminiature basic 
switches fit many 
different needs 


The 9SM, a newer addition to the 
sub-miniature SM Series, was devel- 
oped for applications requiring less 
precise switching characteristics. 
These miniature switches are cost- 
effective, durable, and adaptable to a 
variety of different auxiliary or inte- 
gral actuators. 

The precision 11SM is a light 
weight switch and can be made with 
silver projection contacts for low en- 
ergy circuit applications, providing a 
cost effective alternative to gold con- 
tacts. 

The standard temperature range is 
-65° to +180° F (-54° to +85° C). Cer- 
tain versions are rated for logic level 
switching and handle power loads of 
up to 11A -1/4 HP 125 VAC. 

For more information, contact 
MICRO SWITCH, The Sensor 
Consultants at 815-235-6600. 
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Switch installation Gi», Design concept 
costs cut 20% a saves 20% 


Assembly costs 
cut 50% 


Assembly cosi 
cut 40% 


Assembly costs 
cut 15% 


‘Take the long black strip of switches for | customer's assembly costs in half. 
example. It was the result of working together Each one of the basic switch ideas you 
with a gaming machine manufacturer who see here has a money saving story of its own. 
needed to lower the cost of their product. To find out what they are, or for other ways 
___[n addition to supplying less expensive | we can work with you to reduce your total 
_ basic switches that didn’t compromise quality, costs, ask for our new brochure. Call us at __ 
we modified the switch terminals. Then we | 815-235-6600. Or write MICROSWITCH, ~~ 
mounted the switches on a PC board, at- gpm Freeport,IL 61032. = —s cIRCLENO116———~«‘=*é 
tached them to a connector, and assem- | _~  88...£.=§ 
bled it all in a plastic housing. The 


Together, we can find the answers. 


result? A MICRO SWITCH - oo - MICROSWITCH __w 
idea designed to cut the 2=—E—S—m fhe stony many money saving ideas. — aHoneywell Division | _ : _ 109 _ 
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ProDrive 


you cant afford to 
hurry up and wait. 


HOW THE WORLD'S FASTEST 3'%-INCH HARD DISK DRIVE 
CAN GIVE YOU THE COMPETITIVE EDGE. 
It's a simple fact of systems life: your system is only as fast as 


it’s slowest component. 


So if your disk drive is slow, your system is slow. 

And in today’s competitive marketplace, every millisecond 
counts. No matter how fast your microprocessor, your customers just 
won't accept a system that bogs down in disk access. And neither 
should you. 

That's why you should know about the ProDrive Series” of high- 


performance disk drives from Quantum. 
ProDrive” offers you the fastest seek time of any 34-inch hard 


disk drive available today: 19 ms in the 42- and 84-megabyte models. oe | “ | 
uffer Size (bytes 
And with Quantum’s exclusive DisCache’ data buffer, youcan Buffer Management | DisCache 

Transfer Rate (MB/sec) 


cut that 19 ms to 12 ms or less, depending on your application. AL Bus 
ync 
But speed is only half the ProDrive advantage. Because speedis _SCSIAsync 2 
| MTBF (hours) 50,000 


useless if your drive can't deliver it when you need it. That’s why we | 
“These are the best individual specifications of competitive 
built ProDrive with the highest MTBF on the market. 50,000 hours. ee Ss a eee) 


** Average seek time with DisCache is 12 ms in typical applications. 
(All specifications subject to change.) 


No one offers you higher performance with higher reliability. 

And no one offers it to you in a broader range of products. In 42- and 84-megabyte formatted capacities 
with SCSI and AT-Bus interfaces available now. And in capacities up to 168 megabytes with SCSI, AT-Bus, and 
ESDI interfaces available soon. And all at competitive prices. 

But find out for yourself how the ProDrive Series can give you the competitive edge in your market. 

Call Quantum today. 

A few minutes on the phone with us will save you a few milliseconds on your system performance specs. 
And that could earn you a lot of dollars on your bottom line. 

So we suggest you hurry up. Because your customers won't wait. And you can't afford to. 


Quantum 


Quantum Corporation, 1804 McCarthy Blvd., Milpitas, CA 95035 Western Region (408) 980-8555 Eastern Region (603) 893-2672 
Europe (49) 69-666-6167 Authorized Distributors: Arrow (800) 777-ARROW Marshall (800) 522-0084 
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YOU CAN SEE HOW 
CLEAR AND BRIGHT THE PICTURE IS. 
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F... response time, less than 5 ms, gives Finlux Elec- 
troluminescent displays video capability. In laptop PCs, 
the cursor Is visible during all rapid movements or data 
changes. 

As for picture quality, you can see for yourself: it’s 
worth a thousand words. Here are just a few: Crisp. 
Stable. Bright. Wide-angle viewing. Finlux EL is easy on 
the eyes, even during a long workday. 


The big little EL display 


The display above is shown as large as life. Just 18 mm 
thin and weighing less than 500 grammes, this Finlux EL 
Shows as much text as an 11” CRT: 25 lines of 80 charac- 
ters, or full graphics. Finlux EL displays are available in a 
range of 320x256 to 640 x 400 pixels. 
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Wherever your customers need compact clarity 


Finlux EL displays are easily interfaced for high-reso- 
lution graphics, word processing, medical and industrial 
applications. The fully solid-state flat EL panel and elec- 
tronics are assembled into a sturdy, compact package 
ready for mounting in even the most demanding envi- 
ronments. 

Lohja Finlux is the only European manufacturer of 
flat panel Electroluminescent displays. 

To see more, get in touch with: 


-§ FINLUX 


LOHJA CORPORATION In the USA: 

FINLUX Display Electronics FINLUX INC. 

Box 46 20395 Pacifica Drive 
SF-02201 ESPOO 20, FINLAND Suite 109 


Telephone (+358-0) 42001 
Telecopy (+358-0) 422143 
Telex 125023 ldis sf 


Cupertino, CA 95014, USA 
Telephone (408) 725-1972 
Telecopy (408) 996-7547 
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TECHNOLOGY UPDATE 


Mix business with pleasure 
at Munich’s Electronica 


Peter Harold, European Editor 


Electronica ’88, which takes place 
in Munich, West Germany, from 
November 8 to 12, is Europe’s larg- 
est exhibition for electronic compo- 
nents and assemblies. It’s also one 
of Kurope’s most international elec- 
tronics exhibitions, with exhibitors 
not only from Europe, but also from 
the United States and the Pacific 
Rim. The exhibition occupies 20 
halls, each the size of an aircraft 
hangar; over 2000 companies from 
more than 30 countries will exhibit 
their products and services. As a 
result, it’s an ideal opportunity to 
investigate what’s new in the elec- 
tronic-components market in gen- 
eral, and to see what your competi- 
tors are up to. But Electronica is 
huge, so if you only plan to be at 
the exhibition for one or two days, 
plan your visit carefully. If you 
have more time, you can also enjoy 
the culture and history of Munich. 
For companies from member 
countries of the European Eco- 
nomic Community (EEC), the Elec- 
tronica ’88 exhibition, and next 
year’s Salon des Composants exhi- 
bition (Paris, France), have special 
significance. These two exhibitions 
will be those companies’ first real 
opportunity to exploit the single 
European market, which will come 
into being between now and 1992. 
Although the EEC has always fos- 
tered close ties between member 
countries, European markets have 
remained fragmented. Individual 
member countries have been able 
to protect their indigenous indus- 


tries by imposing hidden trade re- 


strictions—such as import licensing 
or stringent product-testing re- 
quirements—in order to make for- 
eign goods less competitive. 


EDN October 27, 1988 


lr rr 


For EEC countries, 1992’s single 
European market promises to 
change this situation. Under the 
terms of the Single European Act, 
set out by the European Parlia- 
ment, all such trade restrictions be- 
tween EEC member countries must 
cease, giving all those countries 
equal access to each other’s mar- 
kets. As a consequence, companies 
from countries within the EEC will 
be able to compete in much larger 
markets and take advantage of the 
economies-of-scale that ensue. 

From a worldwide perspective, 
any single EEC country represents 
only a few percent of the electronic- 
components market. When com- 
bined, however, they make up 
around one-third of the world mar- 
ket for electronic components— 
ahead of Japan, and second only to 
the USA. Although a market of this 
size will greatly encourage competi- 
tion within the EEC, it may actu- 
ally discourage competition from 
companies based outside the com- 
munity. Theoretically, these com- 
panies might find trade barriers 
erected around the consolidated 
European market—barriers that 
could be much harder to surmount 
than those currently established by 
its individual members. 

In spite of the far-reaching past: 
ness implications of the single Euro- 
pean market, Electronica’s associ- 
ated conference program devotes it- 
self largely to technical matters. 
Four separate conferences accom- 
pany the exhibition—the 13th In- 
ternational Conference on Micro- 
electronics, the 4th International 
Macroelectronics Conference, the 
Sensorik Technical Sessions, and 
the Symposium on Quality Assur- 
ance in the Field of Electronics. 
Participants may present their con- 


ference papers in either English or 
German, but all the conferences fea- 
ture simultaneous English-to-Ger- 
man or German-to-English transla- 
tion facilities. 

The International Conference on 
Microelectronics takes place on the 
afternoon of Monday, November 7, 
and the morning and afternoon of 
Tuesday, November 8. The confer- 
ence is a mix of contributed papers 
and lectures from invited speakers. 
Topics for contributed papers in- 
clude data-acquisition and signal- 
processing systems, new packaging 
concepts, and the role of gallium 
arsenide devices in future informa- 
tion and communications tech- 
nology. 

The Macroelectronics Confer- 
ence, which spans November 9 and 
10, covers areas of electronics that 
primarily use discrete components 
and power-control devices. Contrib- 
uted papers focus on the solutions 
to practical problems, and the top- 
ics for discussion include switched- 
mode and uninterruptible power 
supplies; dynamic motor drives and 
motor-speed control; interfaces be- 
tween microelectronic and power 
devices; and line-supply distortion. 

The Sensorik Technical Sessions 
also take place on November 9 and 
10. The first session, on Wednesday 
afternoon, examines sensors de- 
signed for use in mass-produced 
electronic equipment, and the sec- 
ond session, on Thursday morning, 
discusses geometric and mechanical 
techniques for evaluating and test- 
ing electronic components. 

The Symposium on Quality As- 
surance, on Friday, November 11, 
focuses on the legal implications of 
the zero-defect policies that are cur- 
rently offered by component manu- 
facturers. The symposium includes 
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experts from industry and the legal 
and insurance professions. 

If you'll be at Electronica all 
week, you should have more than 
enough time to attend one or more 
of the conference sessions. Confer- 
ence fees, which include conference 
documentation, the exhibition cata- 
logue, and entrance charge, are DM 
309 for the Microelectronics Confer- 
ence; DM 420 for the Macroelec- 
tronics Conference; DM 250 and 
DM 230, respectively, for the first 
and second of the Sensorik Techni- 
cal Sessions; and DM 340 for the 
quality-assurance symposium. Half- 
day tickets for the Microelectronics 
Conference, which don’t include 
documentation packages or the ex- 
hibition catalogue, are available for 
DM 150. You ought to book in ad- 
vance, or immediately after you ar- 
rive at the exhibition. 

Unlike many of Europe’s exhibi- 
tion sites, Munich’s Messegelainde 
trade-fair center, where Electron- 
ica ’88 will be held, is in the heart 
of the city. So whether you arrive 
in Munich via rail or air, you can 
reach the exhibition within 20 min- 
utes. From the Hauptbahnhof, Mu- 
nich’s main railroad station, you can 
easily walk to the center. Take a 
right out of the station along Bayer- 
strasse and then a left into Martin- 
Greif-Strasse. The Theresienwiese 
is straight ahead of you. Popularly 
known as the Wieg’n, it’s used each 
year for the city’s world-famous 
Oktoberfest folk and beer-drinking 
festival. To the right of that is the 
Messegelande. If you opt for the 
subway from the main station, take 
the U-5 subway westbound, get off 
two stations later, and you'll be at 
the exhibition. 

From the airport you can take a 
15-minute taxi ride (unless you ar- 
rive in the morning rush-hour when 
it could take at least 30 minutes), 
or use the airport shuttle bus, 
which departs every 20 minutes be- 
tween 8 and 11 AM and between 
3:30 and 7 PM, to take you directly 
to the exhibition. If you come by 
car, there’s plenty of parking space 
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on the Theresienwiese and on other 
sites around the exhibition ground. 

Because the Electronica exhibi- 
tion is in the heart of Munich, it’s 
easy to escape the rigors of exhibi- 
tion walking to take in the pleasures 
of the city. Getting around is sim- 
ple. You can use the S-Bahn or U- 
Bahn subway systems, as well as 
streetcars and buses. And you don’t 
have to buy separate tickets for 
each type of transportation—the 
strip tickets (which you can pur- 
chase wherever you see the white 
and green K symbol) are valid on 
all three kinds of mass transit. Just 
cancel the appropriate number of 
ticket sections for each journey in 
the machines provided. Or you can 
use the city’s taxis. 

Munich is a city that has a great 
deal to offer within a small area. 
By strolling through the pedestri- 
anized center of the old city from 
Karlsplatz through Neuhauser 
Strasse and Kaufingerstrasse to the 
open square of the Marienplatz, 
you'll pass several historic build- 
ings. These include the German 
Renaissance church of St Michael, 
which houses the crypt of the Wit- 
telsbacher princes; the magnificent 
Frauenkirche cathedral, which 
dates back to 1488; and Munich’s 
City Hall, which features a glocken- 
spiel clock where, at 11 AM daily, 
carved figurines perform and bells 
chime. Along this stretch, you can 
enjoy Munich’s street performers, 


who'll keep going all day if a few 
deutsche marks appear in their cap 
at the end of each show. | 

A left turn after the Marienplatz 
into Burgstrasse takes you up to- 
ward the Residenz. This complex 
of buildings, dating from the 16th 
to the 19th century, illustrates 
European cultural development, 
mirroring Renaissance, Baroque, 
Rococo, and Neoclassic styles. On 
the way, you'll pass through the Al- 
ter Hof—the 138th century palace of 
the Bavarian dukes—where you'll 
find a largely unchanged medieval 
courtyard. The Residenz complex 
houses several museums that con- 
tain fine collections of porcelain, 
Egyptian art, and coins. Theatergo- 
ers can also check here on perform- 
ances of the Bavarian State Opera, 
the Bavarian State Theater, and 
the Cuvilliés Theater. 3 

When the light fades, you can re- 
tire to one of Munich’s many restau- 
rants. Try at least one beerhall, 
where you can drink Bavarian beer 
and eat Bavarian food until you’re 
once again fit to tramp the exhibi- 
tion halls of Electronica ’88. 

What follows is a selection of 
products which will be launched or 
exhibited for the first time at this 
year’s Electronica exhibition. 


Article Interest Quotient 
(Circle One) 
High 500 Medium 501 Low 502 


_ For more a ae —— 


For more information on the Plectroniea 188 laa, and its associated | 
conference program, contact the lowe organizers directly. 


Miinchener Messe- und 
Ausstellungsgeselischaft mbH 
Messegelinde 

Postfach 12 10 09 

8000 Munich 12, West Germany 
(089) 51070 

TLX 5212086 


__ For assistance in obtaining secotnmadetions: _ 
_ contact the following —— — 


: / : Fremdenverkehrsamt _ 
— Sendlinger Strasse 1 


8000 Munich 2, West Lee 
TLX 524801 | _ 


: “Mencieiseservice - 
Heidemannstrasse 220 


8000 Munich 45, West Germany . ; 


Phone (089) 32304244 


OC ee—s—Ss—S—C—isC 
 . - (089) 3282594 
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Token-bus controller IC simplifies 
MAP network interfaces 


In conjunction with the company’s 
SAB82511 token-bus modem, the 
SAB82510 token-bus controller IC 
implements a 1M-, 5M-, or 10M-bps 
carrier-band network interface that 
conforms to the IEEE 802.4 stan- 
dard. It’s designed to work in 
equipment that connects into MAP 
(Manufacturing Automation Proto- 
col) or Proway factory automation 
networks. You can also interface 
the token-bus controller with a 
broadband modem. 

The SAB82510 performs OSI- 
model ldyer-2 media-access-control 
functions. It communicates with its 


host-system processor via shared 
memory and uses high-level com- 
mands that you can link into 
chained command blocks. 

A 10-channel on-chip DMA con- 
troller maximizes throughput. This 
DMA controller supports the com- 
mand block chain, four prioritized 
levels of transmit-frame data chain, 
four prioritized levels of receive- 
frame data chain, and the [IEEE 
802.4 immediate-response mecha- 
nism. 

The controller’s host interface is 
pin-programmable to operate on an 
80186 or 68000 pP bus. However, 


you can interface the device to 
other Ps as well. The SAB82510 
is a CMOS device that operates 
from a single 5V supply. It comes 
in a 68-pin plastic leaded chip car- 
rier. Sample quantities, $94. 
Siemens AG, Zentralstelle fur 
Information, Postfach 103, 8000 . 
Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. 
Circle No 620 
Siemens Components Inc, 2191 
Laurelwood Rd, Santa Clara, CA 
95054. Phone (408) 980-4500. Hall 
23, Stand A04. 
Circle No 621 


Long-life electrolytic capacitors 
save pc-board area 


Series-138 aluminium wet-electro- 
lytic capacitors are 50% smaller 
than traditional type-1 electro- 
lytics, and feature an operating life 
as long as 15 years at 40°C. The 
series includes capacitors with 
nominal values in the range of 0.22 
to 220 pF, and voltage ratings of 
between 6.3 and 100V. 

A flame-retardant plastic seal, 
which is molded around the alumi- 
num casing, largely accounts for the 
devices’ long operating life. This 
seal prevents drying of the electro- 
lyte and protects any adjacent cir- 
cuitry from short circuits. A high- 
temperature electrolyte gives the 
devices an operating temperature 
range of —55 to + 105°C. Their use- 
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ful lifetime at 105°C is at least 2000 
hours. | 

The capacitors meet reliability 
tests comparable to those specified 
in DIN-41257. Their basic specifica- 
tion conforms to the I[EC/384-4 


long-life capacitor specification, and 
they are suitable for use in climatic 
category 55/105/56. Series-138 ca- 
pacitors are axially leaded, and are 
packaged in 6.3- or 7.7-mm diame- 
ter cases with a length of 12.7 mm. 
They are supplied on bandoleers, in 
boxes, or on reels. Under gld 0.50 
in large quantities. 

Philips, Components Division, 
Box 218, 5600 MD Eindhoven, The 
Netherlands. Phone (040) 757189. 
TLX 51573. 

Circle No 622 

Mepco/Centralab Inc, 2001 W 
Blue Heron Blvd, Riviera Beach, 
FL 33404. Phone (305) 881-3200. 
Hall 24, Stand B02. 

Circle No 623 
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The tape on the left 
will change the way you look 
at multilayer circuitry. 
So will the one on the right. 


Introducing the Green Tape System* from Du Pont. 
Anda free videotape that shows what this: new w multi- 


leer ee technology can a ae you. 
Green Tape i isa low- ‘temperature, co- ‘fireable 


ceramic ae systein that combines the design flexibility 
of thick film systems with the manufacturing ez ease e of 


cO- Gred aa icies ne 
Green ‘Tape eliminates the multiple firing steps 


ee ah traditional thick lin fechiiotogy. And 
unlike co- fired alumina, where extreme firing tempera- 


free sae hight fees ee such as gold 
and silver, the Green Tape System is perfectly compatible 
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with precious metal circuitry. 
N OW you can | design innovative multilayer circuitry 


cae ee Tape. It can be fred in an air atmosphere ae 
like thick film equipment, Tequirements are simple. 


‘This Be ini in-house snaPbeping a fonnitrennue 


which means very quick turn- around times. And there’ S 


no on Jami to the panier ae didtectric layers that 


can n be fired at one time. Think of the Possibilities. 


If you think the ae Tape RG sounds ode 
waitll you see how it can in help you improve your multi- 


layer ee Call oe your free videotape: 1- 800- 341- 4004. 


*DuPont’s trademark for dielectric tape, inner layer and via fill conductors. 


DuPont Electronics 


Share the power of our resources. 


GU PONT 


REG US PaT &TM OFF 
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Telephone ICs suit both ends 
of the subscriber line 


Integrating a monolithic subscriber 
line interface (SLIC) and a codec/ 
filter IC into a single 36-pin hybrid 
DIP, the PBA8276/1 handles all the 
battery-feed, supervisory, and 
voice-transmission functions re- 
quired in a digital PABX or hybrid 
key telephone system. The circuitry 
can operate from a battery voltage 
as low as —24V. 

The device provides a terminat- 
ing impedance of 6000 and achieves 
a longitudinal-to-metallic balance of 
70 dB typ (63 dB minimum). Its 
codec interfaces directly to a pulse- 
code-modulation highway, and fea- 
tures selectable p-law or A-law cod- 
ing schemes, programmable trans- 
mit and receive gains, and pro- 
grammable hybrid balancing. The 
PBA38276/1 costs $20 (5000). 

Suitable for use in telephone 


handsets, the PBL3726/19 tele- 
phone speech-circuit IC features 
soft clipping to reduce distortion at 
high speech levels. Automatic gain 
control reduces the gain of the 
transmit amplifier by as much as 5 
dB when the ac signal on the tele- 
phone line increases to 2V peak. 


The circuit performs 2- to 4-wire 
conversion and automatic loop-loss 
compensation. The PBL3726/19 is 
supplied in an 18-pin DIP. A sur- 
face-mount version should be avail- 
able by the end of the year. $1.40 
(10,000). 

Ericsson Components AB, Mi- 
croelectronics Division, Is- 
afjordsgatan 16, 16481 Kista- 
Stockholm, Sweden. Phone (08) 
7574354. TLX 8125008. FAX 08- 
7526034. 

Circle No 626 

Ericsson/Rifa Inc, 403 Interna- 
tional Pkwy, Richardson, TX 
75083. Phone (214) 480-8300. FAX 
214-680-1059. Hall 25, Stand D07. 

. Circle No 627 


Foundry-independent silicon compiler 
simplifies ASIC design 


The ASA silicon compiler reduces 
the complexity of ASIC design to 
a level at which system designers 
can undertake the design of custom 
ICs from start to finish. In addition, 
it makes IC design independent of 
any particular semiconductor proc- 
ess or technology. During the de- 
sign process you can also generate 
test patterns and evaluate your de- 
sign for testability. 

The compiler’s hardware-descrip- 
tion language allows you to describe 
both the function and structure of 
an IC design in a hierarchical form. 
As a result, you can adopt a top- 
down approach to IC design. All the 
relevant information about transis- 
tor-level circuit design is already 


built into the compiler. From the - 
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outset, the ASA compiler generates 
layout information that the com- 
piler’s logic editor and simulator 
take into account as you use them. 


Version-I of the compiler includes 
a cell library of SSI and MSI logic 
functions. Version-II will include 
cells for regular structures such as 
RAM, ROM, and PLAs. You can 
create macrocells from this library, 
or add your own cells to it. The 
ASA compiler runs on DEC VAX 
computers under the VMS operat- 
ing system. Its open-system soft- 
ware structure allows you to inter- 
face a variety of existing CAD tools 
to it. From around gld 360,000 to 
gid 900,000. 

Sagantec BV, Kemenade 126, 
Son, 5600 CC Eindhoven, The 
Netherlands. Phone (04990) 77117. 
TLX 59163. FAX (04990) 73297. 
Hall 14, Stand C04. 

Circle No 625 
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ISDN chips provide single-chip 
solutions for S and U interfaces 


Packaged in a 22-pin plastic DIP, 
the MTC2072 provides a single-chip 
solution for interfacing equipment 
to the S interface of an ISDN net- 
work. The device uses the AMI line 
code, and conforms to CCITT rec- 
ommendations I.430 for the 4-wire 
S-interface between subscriber ter- 
minals and network termination 
units. The interface connects to a 
passive network bus, which pro- 
vides separate receive and transmit 
loops that operate at 192k bps. You 
can connect as many as eight termi- 
nals to the network bus, which 
incorporates collision protection to 


prevent more than one terminal 
from accessing the bus at any one 
time. 

For U-interface applications, the 
MTC2071 provides a single-chip so- 
lution for interfaces to ISDN net- 
works that use the 4B/8T line code. 
The device uses an internal DSP 
adaptive filter to provide echo can- 
cellation and equalization. You can 
use the device on a telephone line 
as long as 8.2 km, and you can con- 
figure it for use at a number of dif- 
ferent locations within an ISDN 
network. These locations include 
line termination (LT) equipment, 


network termination (NT) equip- 
ment, PABX and subscriber mod- 
ules, and up- and downstream re- 
peaters. 

The MTC2071 is expected to sell 
during 1989 for $185, and to fall to 
less than $50 (1000) during 1990. 
The MTC2072 should sell for $9.50 
during 1989 and $7.50 (1000) during 
1990. 

Mietec, Westerring 15, 9700 
Oudenaarde, Belgium. Phone 
55332211. TLX 85739. FAX 
55318112. Hall 19, Stand B07. 

Circle No 624 


Single-chip CMOS tone detector 


facilitates call-charge metering 


The FX611 tone-detector IC de- 
tects the call-charge metering 
pulses transmitted during tele- 
phone calls. It is suitable for use 
in subscriber private metering 
(SPM) systems in PABX or general 
pay-phone equipment, and is pro- 
grammable to operate on either 12- 
or 16-kHz SPM systems. 

In addition to selecting the fre- 
quency of the detected tone, you 
can also select the FX611 to operate 
in one of two tone-detection modes. 
In tone-follower mode, the device 
outputs a logic 0 whenever it de- 
tects a tone of the correct fre- 
quency. In the SMP-packet mode, 
the detector’s output is activated 
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only when a tone-burst meets speci- 
fied mark and space timing. 

All frequency timing within the 
device is controlled by an external 
crystal, and an internal op amp al- 
lows you to adjust the gain of the 


tone input. The F'X611 is fabricated 
in CMOS and draws a maximum 
supply current of 3.5 mA from a 
single 5V supply. It is available in 
either a 16-pin ceramic DIP or a 
24-pin plastic, gull-wing or J-lead, 
surface-mounted chip carrier. 
Around £3 (1000). 

Consumer Microcircuits Ltd, 1 
Wheaton Rd, Witham, Essex CM8 
3TD, UK. Phone (0376) 513833. 
TLX 99382. FAX (0376) 518247. 

Circle No 628 

Mx-Com Inc, 4800 Bethania Sta- 
tion Rd, Winston-Salem, NC 
27105. Phone (919) 744-5050. Hall 
25, Stand A04. 

Circle No 629 
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IF YOU'RE 
WASTING TIME 
LOOKING FOR THE 
BROADEST LINE OF 
SMD’ PASSIVES, 


CUT IT OUT! 


Mail to: Mepco/Centralab, Attn: Corp. Advertising 
2001 W. Blue Heron Bivd., P.O. Box 10330 
Riviera Beach, FL 33404 


Mail this coupon today to request your personal copy of the new Mepco/Centralab 
Surface Mount Device Catalog, containing important design, performance and speci- 
fying data on America’s broadest line of SMD® passive components: 

e Tantalum and monolithic ceramic chip capacitors —\jame 

e Aluminum electrolytic capacitors 


© Thick-film and precision metal-film resistors Title 

© Power resistors Company 
e High-performance trimmers 

¢ Selector switches Dept. / Div. 


Or ask for our valuable data book on leaded resistors — address /MS 
and capacitors. 


Please send me these specification guides: oN 
L] Surface Mount Device Catalog State/Zip 
L] Resistor /Capacitor Data Book EDN102788 


MEPCO/CENTRALAB 


A DIVISION OF NORTH AMERICAN PHILIPS CORPORATION 


PHILIPS 
®SMD is a service mark of North American Philips Corporation. 
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Emulator’s window environment traces 
source-code and assembler 


Used in conjunction with the com- 
pany’s CT-series of PC-based 8-bit 
in-circuit emulators, the ViewF in- 
.der emulation-control software and 
PathFinder system-debug software 
provide you with a window environ- 
ment in which you can simultane- 
ously trace programs at both the 
assembler and source-code level. 

Using ViewFinder you can select 
the content, size, and position of the 
windows that are displayed, allow- 
ing you to simultaneously follow 
logically connected areas of your 
system. In addition, you can main- 
tain windows that are not displayed 
as virtual windows, which can con- 
tinue to be updated. 

By adding the PathFinder soft- 
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ware package and a suitable com- 
piler you can trace program activity 
at all software levels. To capture 
elusive program bugs, PathFinder 
allows you to perform continuous 
trace-and-compare operations. 
PathFinder is currently available 


for use with a PL/M-51 compiler or 
a C compiler for the 8051 pC, but 
versions that run with C compilers 
for 68HC11, Z80, and 64180 wPs are 
scheduled for release between now 
and the first quarter of ’89. 
ViewFinder is supplied free-of- 
charge with new development sys- 
tems or as a $275 upgrade for exist- 
ing users. PathFinder costs from 
$1250 to $1500. 

Ashling Microsystems Ltd, Plas- 
sey Technological Park, Limer- 
ick, Ireland. Phone 061-334466. 
TLX 70357. FAX 061-334477. Hall 
20, Stand D22. 

Circle No 630 


Flat-pack display drivers 
interface directly to CRTs 


Housed in flat-pack packages, the 
1901 and 1902 display driver mod- 
ules accept a low-level video input 
signal and are capable of directly 
driving the cathode of a high-speed 
CRT. The 1901 is capable of main- 
taining a bandwidth of greater than 
146 MHz when driving a 50V p-p 
signal into a 6-pF load. The 1902, 
which incorporates an additional 
output stage, can drive 100V p-p 
output signals into a 20-pF load. 
Both devices operate as transcon- 
ductance amplifiers. They have dif- 
ferential inputs that you can config- 
ure for differential or single-ended, 
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positive or negative video opera- 
tion. These inputs have a common- 
mode voltage capability of 3V, and 
will accept an RS-343 or RS-170 
video signal. 

Analog inputs are also provided 
that control the gain and output- 
offset of the amplifier, allowing you 
to adjust display contrast and 
brightness, respectively. The mod- 
ules have a 5.5V reference output. 
The gain control provides overall 
gains of between 0 and 80, and the 
offset control allows you to vary the 
quiescent output current from sev- 
eral microamperes to 100 mA. 


The 1901 is housed in a 24-pin 
flat-pack with a 1x1-in. footprint. 
The 1902 is housed in a 30-pin flat- 
pack with a 1X1.5-in. footprint. 
They are available in version with 
commercial or military operating 
temperature ranges. The 1901 
commercial grade, $124; military 
grade, $229 (100); 1902 commercial 
grade, $291; military grade, $366 
(100). 

Teledyne Philbrick, 40 Allied 
Dr, Dedham, MA 02026. Phone 
(617) 329-1600. TLX 212711. FAX 
(617) 326-6313. Hall 25, Stand B06. 

Circle No 631 
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Saratoga Cache Tag: 


Introducing the world’s fastest 
family of cache tag RAMs— 
starting at 15 nsec. 


When youre trying to squeeze 
the last few MIPS out of your system, 
a little fast cache can help. And 
nothing speeds it up faster than 
high-performance cache tag RAMs 
from Saratoga. 


More bang for your buck 
with BiCMOS. 


Our new family of BICMOS cache 
tag RAMs features address compare 


~The Fastest Way lo 
Improve Your Cache Flow 


times as low as 15 nsec—the fastest in 
the industry. So now you can break the 
CPU/memory bottleneck in high-end 
32-bit RISC applications. Even the 
new 020/030and 386-based designs 
running at much higher clock speeds 
will operate faster with Saratoga cache 
tag RAMs. 


These chips are loaded. 


These 4K by 4 and 2K by 9 parts 
offer more flexibility in design, with 
speeds of 15, 20, 25.and 35 nsec. They 
come complete with built-in functions 


such as parity generation/checking, 
on-chip comparator, fast flash clear, and 
totem pole MATCH or open drain out- 
puts. Plus they can be easily cascaded 
to expand word widths and depths. 


Other ways to leverage 
your cache. 


These TTL-compatible parts are the 
first ina complete family of cache tag 
RAMs from Saratoga. Another part of 
our high-performance memory solu- 
tions—along with fast TTL and ECL 
static RAMs, and the world's fastest 


FIFO memories. All in high-perfor- 
mance BiCMOS. 

To find out how better cache flow 
can improve your system performance 
—and your bottom line—contact 
Saratoga today. Phone (408) 864-0500, 
or write: Saratoga Semiconductor, 
10500 Ridgeview Court, Cupertino, 
CA 95014. 3 


= 


oe 


Saratoga 
Semiconductor 


The Leader in BiCMOS. 
CIRCLE NO 121 


What do you get with Power MOSFETs 
that have 2.3 million cells 
per square inch and 0.0230 Rps (on)? 


Specify the 50V/52A STVHD90 and get 
everything you need for high efficiency 
power conversion and motor control 


systems—including the power to win. e 


The STVHD90's breakthrough perform- 
ance puts you ahead of the pack with the 
industry’s best ratio of current capability 
to gate charge packed in a space and cost- 
saving TO-220 package. | 

Plus, SGS-THOMSON saves you even 
more with the ISOWATT220°, a unique 
package option that’s fully isolated to 
Z000V DC. 

No one backs you with a better combi- 
nation of cell density, on resistance (0.023 
ohms max.) and low gate charge (56 nC 
typical). 

Add up the advantages. Lower gate 
charge means less energy needed to drive 
the ultra-fast switching STVHD90. High 

transconductance means more drain cur- 
: rent for a given gate voltage. Lower 

source drain diode Vsp means 
better free wheeling. 

Compare the STVHD90 
with the competition's | 
best. SGS-THOMSON 

gives you the 
winning 


= 


edge in virtually all applications, including 
automotive body controls, DC/DC convert- 
ers, Stepper motors, switching power sup- 
plies, synchronous rectifiers and more. 

Get the facts and you'll get The Power 
to Win. For a comprehensive set of data 
sheets and tech notes, call us. 


Rps(on)/mm2 
1.02 


1st Generation 


Current Industry Std. (BUZ11) 


0.75 


SGS-THOMSON STVHD90 
059 F—-———-—------= 


I 
Competition’s 
State of the Art 

J 


2.0 20 3.1 
Gate charge (nC/mmz2) 


The Very High Density SGS-THOMSON 
STVHD90 (Blue dot) has a lower “Rps On” 
resistance and gate charge than industry 
standard (Black dot). 


ISOWATT220 and ISOWATT218 are trademarks of SGS-THOMSON 
Microelectronics, group of companies. 


The Power to 


Thanks to nearly twice the cell 
density of industry standard 
Power MOS, the STVHD90 boasts 
unprecedented low on-resistance 
levels. But it is only one reason wt _ 
SGS-THOMSON Microelectronicsis a 
the “new power” in Power MOSFE' 

SGS-THOMSON also gives you tl 
power to race ahead of your com-_ 
petition with innovations like our 
soon to be released HIMOS, insulated 
gate bipolar transistors (IGBTs), 
which gives you the best of both 
worlds—the easy drive of Power MOS 
with the current density of bipolar. 

And who else backs you with = Se 
space-saving, fully isolated eo Ae 
ISOWATT220 @ISOWATT218™ FF 

No one but SGS-THOMSON. We 
have the power to make you a winner 
in the toughest applications. 


~ The PADS-CAE system maximizes Logic Capture 
automation, while allowing the engineer to con- 


centrate on the design task. This high degree of | 


automation results from the use of a new type of 
_ databasesA Design-Oriented-Database. All draw- 


able - not merely a single sheet, as with most 
other Logic Capture systems. 


Among the many advantages of this new datal 
re Automatic (hands-off) entry. of Heferenee 


Futu registered trademark of Data I/O Corp. : : : ; Be 


_ing sheets of the design are simultaneously avail- 


| Hees how it works? the I 


signation, gate and pin data, on-line Teal time -componen 


and other board CAD ‘systems using 
bi 7 


der (ECO), is easy with PADS. ECOs 


; per board), complete SMD 
; ; ‘ 3 tracks between IC 


1 oe rats nest display, 
interactive and auto placement, interactive & 


~~ auto routing, and, all in eaeemied 
tur "Aids (CAM) oS 2 


PADS- PCB i 1S tightly ciel both 1 to and fede 


PADS-CAE, and from other Logic Capture 
systems using FutureNet™ : 


100% COMPLETI ON — 
AUTOROUTING | 


The most demanding phase of board design’ is” 


atching) Annotation Lists to both — 


in other tasks. It’s 
-Superrouter allows the designer to set up 2 


g Doctimentation i.e., Engineering 


command, and the SUPERROUTER takes over. 
routing around the clock, hour after hour, 
performing this tedious task to completion, or 


near completion, while the Designer is involved 
It’s that easy! PADS.- 


routing strategy based upon the requirements 


_ of each board. A costed Maze Search algorithm, 
using obstacle hugging on a 10, 20, 25 or 50 mil 


grid, and up to 12 simultaneous layers attempts 
to achieve 100% completion. A Rip-up-and-Retry 
Algorithm is used to obtain this objective. 


Following routing, an Ease-of-Manufacturing 
Optimizer prepares the board for maximizing the 


manufacturing yield. Bends and curves put in by 
obstacle hugging are removed, closely spaced 
tracks are unpacked, corners are made at 45°, 


and all possible Vias are removed. The results 
equal or exceed that of the most experienced 


board designer. 


LOW PRICE 


While the ee and ne of the 
-PADS- SUPERROUTER is equal to any Work- 


station at any price, its price is competitive with 


the very low cost PC-based CAD systems. The 


price has been structured to allow every engineer 


in the organization to have his/her own personal 
SUPERSTATION™ 


~ EVALUATION PACKAGE 


So that you can appreciate the impact the PADS: 
Superstation™ will have in your organization, we 
have created a Superstation Evaluation Package. 


It is available at no cost to qualified engineers 


and designers. Please call our Sales Department 
at (800) 299-7814; Inside Mass. (508) 486-9521. 


routing the connections; approximately 70% of the > el 


board design effort 
ing, labora el 


rt task. Every Designer 
dréam is to have a 100% compl 


pent in this time consum: . 


r and. PADS- Sie eee ‘brings: this Seen 


F one laces the - 
lects the “Route” 
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_ CAD Software, Inc. 
s  Surte#6. 

119 Russell Street 
Littleton, MA 01460 
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1/0 CONTROLLER 


The SAB82525 is a functionally en- 
hanced version of the SAB82520 
high-level serial communications 
controller. The controller provides 
two HDLC channels, each provided 
with its own clock oscillator, baud- 
rate generator, digital phase-locked 
loop, and time-slot alignment cir- 
cuitry. In addition to OSI-model 
layer-1 functions, the controller’s 
on-chip __link-access-procedure 
(LAP) controller handles several 
layer-2 functions, including flag in- 
sertion and detection, bit-stuffing, 
CRC generation and checking, and 
address field recognition. The 
controller can handle serial I/O data 
rates as high as 4M bps. The 
SAB82525 supports X.25 LAP-B, 
ISDN LAP-D, and SDLC (normal 
response mode) protocols. 
Communication with a host proc- 
essor system is via a wP bus that 
is pin-programmable to operate as 
either an Intel-style multiplexed 
bus or as a Motorola-style non- 
multiplexed bus. To maximize 
throughput, the controller has an 
on-chip 64-byte FIFO and a dedi- 
cated DMA-channel for the receive 
and transmit sections of each serial 
I/O channel. You can also program 
the controller to interrupt the host 
processor to initiate data transfers. 
The SAB82525 is a CMOS device 
with a typical active power con- 
sumption of 25 mW and a standby 
power consumption of 4 mW. It is 
packaged in a 44-pin plastic leaded 
chip carrier and is expected to sell 
for around DM 25 (10,000) by 1990. 
Siemens AG, Zentralstelle fur 
Information, Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. 
Circle No 610 
Siemens Components Inc, 2191 
Laurelwood Rd, Santa Clara, CA 
95054. Phone (408) 980-4500. 


Hall 23, stand A04. 
Circle No 611 


SMD SWITCHES 


These fully sealed miniature key- 
board switches are suitable for sur- 
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face mounting using pick-and-place 
equipment. They have a 10.1-mm- 
square footprint and a height of 6.4 
mm. You can fit them with a range 
of standard or customized colored 
keycaps. The keycaps can incorpo- 
rate a medium intensity LED indi- 
cator or high intensity illumination. 
The keyswitches have an operating 
force of 150 grams and provide 1 
mm of switch travel with tactile 
feedback. $0.65. 

Mec A/S, Box 26, Industri- 
parken 23, 2750 Ballerup, Den- 
mark. Phone (02) 973366. TLX 
9125649. FAX (02) 681514. 


Hall 16, stand F34. 
Circle No 612 


MOSFETS 


RF power MOSFETs in the 
BLF500 range operate at frequen- 
cies as high as 500 MHz and include 
devices with power ratings between 
2 and 150W. Compared to bipolar 
types, these MOS transistors fea- 
ture lower wideband noise levels, 
greater tolerance of load mismatch, 
and freedom from thermal runaway 
and parasitic oscillation. In addi- 
tion, you can drive them from a 
voltage source rather than a cur- 
rent source. In many applications 
there is no need for an output driver 
stage, and the ability to modulate 
the output power by modulating the 
MOSFET’s gate voltage suits the 
devices for use in AM transmitters. 

Devices with power ratings as 
high as 40W are available in sample 
quantities now, with production 
volumes available by the middle of 
1989. Samples of the 100W and 
150W devices will be available dur- 


ing the first half of 1989, with pro- 
duction volumes during the second 
half of the year. As a price guide, 
the 10W BLF543 is expected to cost 

between gid 50 and gid 60 (100). 
Philips, Components Division, 
Box 218, 5600 MD Eindhoven, The 
Netherlands. Phone (040) 757189. 

TLX 51573. Hall 24, stand Bo2. 
Circle No 613 


DC/DC CONVERTER 
Suited for use in battery-powered 
hand-held equipment, the NM0105 
dce/de converter generates a 5V out- 
put from a 1.2 to 1.5V input. As a 
result, you can power equipment 
from one single-cell battery. The 
converter can deliver an output 
power as high as 200 mW. The 
NMO0105 is packaged in a 7-pin DIP 
with overall dimensions of 
20.3 x 10.2 x 7.1 mm (0.8 x 0.4 x 0.28 
in.). Around £6 (100). 

Newport Components Ltd, Tan- 
ners Dr, Blakelands North, Milton 
Keynes MK14 5NA, UK. Phone 
(0908) 615232. TLX 825621. FAX 
(0908) 617545. Hall 1, stand A05. 

Circle No 614 


7-SEGMENT DISPLAY 
The H-700 range of bi-stable, elec- 
tromagnetic, 7-segment display 
modules can display any numeric 
character and selected letters and 


symbols. Available with digit 
heights of 10, 15, 25, 30, 45, or 58 


127 
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HIGH PERFORMANCE 
AMPLIFIER 
APPLICATIONS HOTLINE: 
(800) 421-1865 


FEX 
tech 


DEDICATED TO EXCELLENCE 


APEX MICROTECHNOLOGY CORP. 
5980 N. Shannon Rd., Tucson, Arizona 85741 
USA (602) 742-8600 © FAX: (602) 888-3329 
France (1) 69.07.08.24 BRD (06152) 61081 
Nippon (03) 244-3511 _ UK 08446 8781 
CIRCLE NO 8 
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cm, they are suitable for public- 
address displays and other applica- 
tions where a high degree of legibil- 
ity is required. The displays are 
available with white or yellow dig- 
its against a black background and 
feature aluminum casings. They 
have an operating temperature 
range of —40 to +70°C. Separate 
interface electronic boards are 
available. From around Fr 350 to 
Fr 1100 (100), depending on digit 


height. 

Bodet SA, Box 1, 49340 
Trémentines, France. Phone 
41625528. TLX 722429. FAX 


41629564. Hall 16, stand F06. 
Circle No 615 


EVALUATION BOARD 


The IP-2361 and IP-2362 evaluation 
boards allow you to evaluate differ- 
ent configurations of the company’s 
IP-series de/de converter and power 
booster modules. The boards accept 
as many as three [P-series modules 
configured to provide a single-, 
dual-, or triple-output power sup- 
ply. Configured as a single-output 
5V power supply, the board can de- 
liver a current as high as 90A. 
Other single-, dual-, or triple-out- 
put configurations can deliver a to- 
tal output power as high as 600W. 
To assist accurate parametric 
testing, the board has oscilloscope 
jacks that are connected to appro- 
priate points in the circuit. You can 
access the gating and output-volt- 
age trimming connections for each 
module. You can also plug in the 
company’s phasor modules, which 
allow you to introduce a constant 
phase angle between the switching 


cycles of each converter to minimize 
power-supply-generated noise. 

The IP-2361 evaluation board ac- 
cepts converter modules with input 
voltages of between 100 and 400V, 
and the IP-2362 board accepts con- 
verters that have input voltages of 
100V or less. Irish Pounds, 115. 

InPower Europe Ltd, Ballysi- 
mon Rd, Limerick, Ireland. Phone 
061-49677. TLX 70322. FAX 061- 
42730. Hall 22, stand C16. 

Circle No 616 


ANALOG/DIGITAL ASIC 


The Expert Array from Mietec al- 
lows you to subdivide a mixed ana- 
log/digital ASIC into sections that 
are implemented using standard 
cells and sections that are imple- 
mented using mask-programmable 
arrays of analog components and 
logic gates. You can define the size 
and functionality of the standard 
cell and the array sections, both of 
which are then integrated onto the 
same silicon die. 

You can use the technique to pro- 
duce standard-function parts that 
you can modify for different applica- 
tions—for example, telephone ICs 
that you can adapt to different in- 
ternational standards. Or, you can 
use it to accelerate the prototyping 
phase of a custom design. 

The initial non-recurring engi- 
neering (NRE) charges for the Ex- 
pert Array are similar to those for 
normal standard-cell designs. How- 
ever, if you implement circuit 
changes using only the analog and 
digital arrays, subsequent design it- 
erations involve only the tooling 
and production costs you’d expect 
to pay for a gate-array product. 

Mietec, Westerring 15, 9700 
Oudenaarde, Belgium. Phone 
55332211. TLX 85739. FAX 
59318112. Hall 19, stand B07. 

Circle No 617 
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Microprocessor 


Support Made Simple 


Ni ow, ZAX simplifies 
microprocessor design, 
integration and testing with their 
advanced line of ERX- and ICD- 
series emulators. You simply tell us 
the processor that drives your 
design and we tailor a development 
system especially for your environ- 


ment, including full software support. 


Our ERX-series emulators 
provide over 80 debugging 
commands, with 256,000 hardware 
breakpoints, real-time performance 
analysis, high-level language debug 
and trace analysis of program 
execution while you emulate in 
real-time. And they interface 
directly to your personal computer 
(AT-class) to provide you with a 
complete host development station 
and emulation manager. This 
consolidated approach utilizes 
industry-standard equipment and 
eliminates the use of a proprietary 
dedicated chassis. 


ZAX established the benchmark 
for standalone emulation tools 
when they introduced their versatile 
line of ICD-series emulators. 
Completely flexible, ICD-series 
emulators can be interfaced to 
either a simple terminal or host 
computer (from pc to mainframe) 
depending on your requirements. 
This makes them ideal for both 
in-house development and on-site 
testing. 


Simplify support for your 
microprocessor development 
projects with the help of ZAX! Call 
today to arrange a product demon- 
stration or write for complete details 
about our product line. Call us 
TOLL FREE at 800-421-0982 
(in California phone 800-233-9817) 
or write to ZAX CORPORATION, 
2572 White Road, Irvine, CA 92714. 

In Europe, call United Kingdom: 
0628 476 741, West Germany: 
02162-3798-0, France: (03) 956- 
8142, Italy: (02) 688-2141. 
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Z/AX 


Zax Corporation 


right off 


our shelves. 


For over twenty years, CTI has been providing 
design and manufacturing solutions for some of the 
most complex black box requirements in the most 
demanding markets—military and government, 
avionics, telemetry, navigation, communications, 
guidance and control systems, among others. 

Our products range from custom hi-rel hybrid 
microcircuits, to Standard Electronic Modules 
(SEMs) in high-density configurations, to miniatur- 
ized subsystems for military and space applications. 
We have in-house hybrid and monolithic design, 
manufacturing, and technology expertise to convert 
the toughest requirements into high-performance 
microcircuits. 

And we've used our experience to build a host of 
standard circuits. These pre-engineered “off-the- 
shelf” packages include MIL-STD-1553 standard 
data bus products, and MIL-STD-1397 interfaces. 

One new sence age product is the CT2100, 

a microprocessor controlled, 

_ quad solid state relay, with 
Be =. 1500 volt isolation. The 
circuit incorporates 

fully isolated switch 

status and built-in test 
functions, and operates 

from -55 to + 125°C in mili- 
tary environments. 

So, whether your project is in 

the early design stage or is 

-f approaching production, call on CTI. 

Saitou to some of your requirements may have to 

be invented. Others may already be on our shelves. 

We offer you the advantage of either—or both. Call 

or write us today. See us at Wescon, Booth #2292-2294 


stVHUUHETTTTEHEETTTTNT, 


Circuit Pechioloay Inc. 
160 Smith Street, Farmingdale, New York 11735 
Tel: (516) 293-8686 Fax: (516) 293-8622 
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Why don't you double your 
overcharge protection? 


eee 


9 Pe <3 


V100R- 
100 mAh 


Now Varta has developed a new generation of __Trickle-charge rates from 0.01 CA to 0.05 CA 
rechargeable Ni-Cd button cells which provide (0...45°C); 14 hours regular charge; and 7 hours 


extremely high overcharge protection. accelerated charge. Dimensions are the same as 
Even fully charged VR cells can be overcharged __ the standard Varta DK cells. 
at room temperature up to the 0.2 CA rate with- , 


out risk for one whole year. Useful life with less Make your products more reliable by designing 


intensive overcharging is up to six years. They in this new, safer energy source. Order your test 
are ideally suited for “stand-by” applications. samples now. 
Varta Batterie AG : Varta Batteries Inc. Varta Batteries Pte. Ltd. 
Am Leineufer 51 300 Executive Boulevard P.O.Box 55 
D-3000 Hanover 21 Eimsford - NY. 10523-12092 Bedok North Post Office 
W-Germany - Tel. (0511) 7903-1 USA - Tel. (0914) 5922500 Singapore 9146 - Tel. (02 41) 2633 
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TECHNOLOGY UPDATE 


Wescon /88 will focus on engineering 
workstations and automated design tools 


At the annual show, 
you'll have the chance 
to attend conferences, 

evaluate products, and 
make contacts. 


Clare Mansfield, 
Associate Editor 


Wescon/88, running from Novem- 
ber 15 to 17 at the Anaheim, CA, 
Convention Center, will have more 
than 1300 booths showcasing prod- 
ucts from components and micro- 
electronics to subassemblies and 
systems. 

In addition to the traditional 
technical programs, tutorials, and 
business conferences, the show will 
incorporate three new aspects: an 
automated design center, a new- 
products and technology-achieve- 
ment competition, and a Micro- 
mouse track. For the second year 
in a row, Wescon will also run com- 
puter-generated films in the Elec- 
tronics Theater. 

Motivated by industry prophecies 
that 90% of the electronic circuits 
designed by 1990 will be produced 
using some type of CAD, Wescon’s 
sponsors this year decided to em- 
phasize the concept of the auto- 
mated design center. Under this 
umbrella, nearly 180 exhibitors will 
showcase their engineering work- 
stations, CAD and CAE tools, and 
related design aids. 

In the new-product contest, com- 
panies will compete in five catego- 
ries: engineering workstations and 
design tools; instrumentation, test 
equipment, and control systems; 
production equipment; and compo- 


C)) Wescon/88: 


nents and microelectronics. Ven- 
dors will exhibit their new products 
in a special section of the convention 
center and will have an opportunity 
to elaborate on each product’s tech- 
nology and applications during 
scheduled forums. 

Winning companies in each of the 
five categories will have a $10,000 
scholarship awarded to a Southern 
California educational institution in 
their name. The IEEE will adminis- 
ter the scholarship; editors from 
technical publications around the 
country will judge the competition. 

The third new aspect of Wescon 
will be the inclusion of a Micro- 
mouse track. Micromouse competi- 
tions have been gaining in popular- 
ity since their debut in 1979. In a 
Micromouse contest, self-contained 
robotic devices or mice race to be 
the first to find the center of a maze. 
Designers of the winning devices 
receive cash prizes, awards, and the 
chance to compete in the 1989 inter- 
national competition. 

Wescon/88 also offers plenty of 
opportunities for you to improve 
your technical knowledge.. Thirty- 
six technical sessions are scheduled, 
ranging from ASICs to peripheral 
devices to neural networks (see ta- 
ble). You can attend these sessions 
at the Anaheim Hilton. 

Further, for those engineers 
looking for detailed information on 
narrowly focused topics, 11 tutori- 
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TECHNOLOGY UPDATE 


als will be held at the Anaheim Mar- 
riott Hotel in conjunction with the 
show. These will include short 
courses on project and time man- 
agement, fiber-optic systems de- 
sign, grounding and shielding, and 
practical C programming. You must 
pay a fee for each tutorial. 

Four business-oriented confer- 
ences will also convene at the 


Anaheim Marriott during Wescon. 
Discussions will cover distribution, 
purchasing, mergers and takeovers, 
and the importance of public rela- 
tions in trade shows and promotion. 
The merger and takeover panel dis- 
cussion is free; there is a charge for 
the other conferences. 

You can obtain more information 
on Wescon/88 by calling Electronic 


Conventions Management at (213) | 
772-2965. Also look for EDN’s ex- 
tended Wescon coverage in the next 
issue. 


Article Interest Quotient 
(Circle One) 
High 503 Medium 504 Low 505 


WESCON/88 TECHNICAL-SESSION PROGRAM AT THE ANAHEIM HILTON HOTEL 


CALIFORNIA BALLROOM 


TUESDAY, NOVEMBER 15 


(14) 
DESIGN TECHNIQUES 
FOR INNOVATIVE PLD 
ARCHITECTURES 


_(17) 
PROGRAMMABLE 


12:00 PM | LOGIC TESTABILITY— INTEGRATED OFFER CIRCUIT 
THE DESIGN IS MICROCONTROLLERS DENSITY 
2:00 PM DONE. . .NOW WILL AND THEIR IMPROVEMENT 
IT WORK IN APPLICATIONS 


PRODUCTION? 


WEDNESDAY, NOVEMBER 16 
3 


(22) 
3:00 PM | SPECIAL-PURPOSE 
TO PROGRAMMABLE 
5:00 PM | LOGIC DEVICES AND 


THEIR APPLICATIONS 


THURSDAY, NOVEMBER 17 


*SESSION 9 RUNS FROM 2:00 PM TO 5:00 PM, RATHER THAN 12:00 TO 2:00. 
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MODERN INTEGRATED 
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© Semiconductor 
NS32CG16 
e 32-bit Printer/Display 
HPC Processor 
16-bit CMOS 18 specialized 
Microcontroller graphics instructions 
RS232, Centronics 16-Mbvte linear 
Applelalk address range 
Laser Engine 10/15 MHz 
interface 


SCX6218 
Gate array 
System logic 
DMA support 


DP8421 
DRAM Controller 
Direct interface 


NS32081/NS32381 
Floating Point Unit 
(optional ) 
High-speed outline- 
font calculations, 
scaling, rotation, 

translation 


—— EEPROM 
| Printer set-up 
Page-volume data 


NMC Z 

EPROM 

Font and program 
storage 

Printer diagnostics 


3 


DP8510/11 


BitBLT : 74ACT245PC 
Processing Unit FACT™ family 
(Accelerator) of high-speed, 
(optional ) low-power 
Very fast bit-aligned advanced CMOS 
block transfers logic devices 
we Printer board illustration courtesy of Tom Foty 
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When it comes to page-printer electronics, 
only National puts it all together. 


ALL TOGETHER FOR tools, available now: 
PRINTERS, SCANNERS, ¢ add-in cards to turn your 
COPIERS, FAX MACHINES PC/AT® or compatible into 

AND DESKTOP DISPLAYS | iosric pean multiuser devel- 
a ee ae Opment host 

Introducing the NS32CG16 | _isiz. ¢ a full set of language tools, 
Printer/Display Processor. ee including 

The only fully program- 
mable 32-bit, CMOS micro- ae Peri ci 7 linkers, 

° INDICATORS 
sees — for graphics TE a optimizing : ompilers 
or C, Pascal, TRAN 

And the heart of the most The NS32CG16 is the heart of a high-performance, cost-effective 77. and Ada® 
cost-effective systems solu- systems solution for applications like this page-printer controller | . nx; f } 
tion for a full range of imag- nie aire aan ci 

8 nds Northwest Instrument 


ing designs. 


ALL TOGETHER: THE CHIP 


The NS32CG16 combines the 
programmability of a high-perform- 
ance 32-bit microprocessor with 
the power of a specialized graphics 
coprocessor. It includes 18 dedi- 
cated graphics instructions for: 
¢ bit-aligned block transfers 
(BitBLT) with 16 logical opera- 
tions for high-speed character 
moves and windowing 

¢ line drawing (9 Mbits/sec) 

¢ pattern drawing, replication, and 
filling (60 Mbits/sec) 

¢ pattern magnification to support 
Epson and HP LaserJet™ emula- 
tions (1X, 2X, 3X, 4X) 

¢ binary data compression/expan- 
sion for compact font storage 
under run-length-limited (RLL) 
encoding 

* supports CCITT Group III and IV 
protocols for facsimile transmission 

¢ on-chip clock generator 


LaserJet and PCL are trademarks of Hewlett-Packard Corporation 
PostScript is a trademark of Adobe Systems, Inc. 
AppleTalk is a registered trademark of Apple Computer Corporation 


IBM and PC/AT are registered trademarks of International Business 
Machines, Inc. 

Ada is a ee trademark of the U. S. Government, Ada Joint 
Program Office 

HPC, ISE, FAST (Fairchild Advanced Schottky TTL), and FACT (Fairchild 
Advanced CMOS Technology) are trademarks of National Semiconductor 
Corporation 


© 1988 National Semiconductor Corporation 
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* programmable power-down 
modes 
¢ on-chip DMA support circuitry. 
A true 2-address machine (for 
direct memory-to-memory graph- 
ics operations), the NS32CG16 has 
a 16-Mbyte linear address space to 
support large font storages, high- 
dpi (dots-per-inch) page buffers, 
and memory-intensive page- 
description languages (PDLs). 


ALL TOGETHER: 
THE PERIPHERALS 


The NS32CG106 is supported by a 


full range of peripheral devices, 

available now: 

¢ hardware floating-point coproc- 
essors for high-speed outline- 
font calculations in PDLs like 
PostScript™ and PCL” 

¢ DRAM controllers 

¢ single-chip I/O support for 
RS232 Serial, Centronics Parallel, 
and AppleTalk* interfaces 

¢ LAN support, including Ethernet, 
Thin Ethernet, StarLAN, and IBM* 
3270/5250 protocols 

¢ interrupt controllers with timers 
and parallel I/O ports 

¢ National's family of logic: FAST”” 
FACT,” ALS and AS. 


ALL TOGETHER: THE TOOLS — 


The NS32CG16 is also supported 
by a full range of development 
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Systems) Software Analysis Work- 
station for performance-tuning 
your code 

¢ National’s In-System Emulator 
(ISE™) for complete hardware/ 
software integration 

¢ the NS32CG16 Evaluation/Devel- 
opment Board to reduce develop- 
ment time and costs, and bring 
your design to market faster 
(in development). 


ALL TOGETHER: THE PROOF 


The NS32CG16 has already been 
designed-in by anumber of major 
office peripherals manufacturers, 
such as Canon and Olivetti, and is 
now being evaluated by over 100 
companies around the world. 

But find out for yourself what 
the NS32CG16 can do in your 
design. 

For more information imme- 
diately, call us toll-free at 
(800) 227-1817, ext. 15. 

We think you'll be pleasantly 
surprised. 

Altogether. 


V4 National 
Semiconductor 
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TO LOW 


The Power to Serve. 
Whatever your application, 
high or low-end, Heurikon 

has the VME power to drive it. 
From UNIX™ to real-time. From 
satellite communications to 
oceanographic research. We 
can solve the problem. 


A New Dimension in 
Processors. Get into the fast 
lane with Heurikon’s 16 or 32- 
bit microcomputers. Your choice 
of 68000-68030 or NS32532. 
Single boards or systems. Off 
the shelf or customized. 

With unmatched support 

from day one. 


Potent Development 
Tools. Slash your develop- 
ment time. Choose from 
multiple networked or bus- 
based environments. Wind 


CIRCLE NO 129 


River VxWorks™ and Heurikon 
BusLink™. SUN, VAX and other 
hosts. Plus solid in-house sup- 

port for UNIX V.3 and VRTX® 
or OS-9™ real-time operating 
systems ensures the integrity 
of your design. 


From high to low, power 
your application with VME 
from Heurikon. 

Call us today. 


1-800°356°9602 


ext. #501 


Heurikon Corporation 
_3201 Latham Dr., Madison, WI 53713 
TLX: 469532 FAX: 608-251-1076 


UNIX is a trademark of AT&T Bell Labora- 
tories, Inc. VxWorks is a trademark of Wind 
River Systems, Inc. BusLink is a trademark of 
Heurikon Corporation. VRTX is a registered 
trademark of Ready Systems, Inc. OS-9 is a 
trademark of Microware Systems Corporation. 
© 1988 Heurikon Corporation. 
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TECHNOLOGY UPDATE 


Europe 1992 poses a challenge 
for the US electronics industry 


Jack Gee, Contributing Editor 


anagers and engineers 

at US electronics com- 

panies will soon be mak- 
ing entries in their diaries for 1989, 
but it’s already time for them to 
begin focusing on 1992. That year 
will be a landmark for firms that 
design, manufacture, and market 
products destined for customers in 
Europe. 

In 1992, the European Commu- 
nity’s (EC) hodgepodge of 12 na- 
tional markets will merge into a sin- 
gle market which, with 320 million 
consumers, will be as large as that 
of the US. The objective is to create 
a single marketplace in which physi- 
cal, fiscal, and technical barriers to 
- trade will be dismantled. European 
countries will no longer be able to 
raise protectionist barricades 
against products from their neigh- 
bors. But it’s far from certain that 


Europe will become more hospita- 
ble to foreign competitors. 

Robert R Heikes, who has suc- 
cessively headed the European 
semiconductor operations of Mo- 
torola and National Semiconductor, 
is optimistic. “After 1991, US firms 
can only do even better than they 
are already doing in Europe. It is 
20 years since they began penetrat- 
ing each European country with 
manufacturing, sales, and market- 
ing. Now they are ready to attack 
Europe globally. The European 
companies, long confined within 
their own national frontiers and 
markets, are not ready for this new 
challenge.” | 

Heikes and other electronics vet- 
erans argue that as bigger and more 
powerful European companies 
emerge in electronics and other in- 
dustries, they will be forced to in- 
troduce common manufacturing 
standards. And, according to that 


school of thought, the standards 
will make life easier for US firms, 
which have so far been deterred by 
the maze of conflicting standards 
currently applied by European in- 
dustry. 

“It is amazing that, while the US 
usually has a common set of stan- 
dards for each product family, 
Europe often has a dozen,” says 
Robert Taylor, a consultant at 
European Research Associates in 
Brussels, Belgium. “The big ques- 
tion for US industry is whether the 
EC will become Fortress Europe. 
Americans and Japanese have 
grounds to fear that Europe will be- 
come more difficult to penetrate. 
There are already signs that the 
protective barriers which European 
countries are about to dismantle be- 
tween each other will be raised 
again as an EC barrier against out- 
siders.”’ 

Europe’s strategy should be 


European semiconductor consumption will grow at a significantly slower rate than the US’s for the period between 1987 and 1992, according 
to these projections from Dataquest. The market-research firm will make no projections further than 1992, but European manufacturers 
are hoping to see great gains after that year, when the market becomes unified. 
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CRs new 
VME board makes 


others look like 


cheap mutations. 


Se ae eX 
a ae = 


og ae 


Until now, VME® host But perhaps the most important 
adapters have done fairly feature of this VME-to-SCSI host 
good impressions of high adapter is the NCR name. Because 
performance VME boards. it means you’re getting factory sup- 
But they pale in compar- setae port from the company who initiated 
ison to NCR’s new VME- ; SCSI. And a product made by the 
to-SCSI host adapter. undisputed leader in designing and 

First of all, NCR’s board manufacturing proven SCSI products. 
boasts the NCR 53C90 SCSI NCR’s VME-to-SCSI host 
protocol chip — the highest adapter 1s available now from the 
performance SCSI chip avail- NCR SCSI Technology Group. 
able. This superior chip So don’t settle for cheap 
provides your customers with imitations, call the number 


lower overhead and delivers a below for more information. 
data transfer rate up to 5.0 
MBytes/sec — that’s two to three 
times faster than most SCSI chips. 
NCR’s VME host adapter also 
features extensive diagnostic 
LED’s designed to help provide Vi Jeane a 
easier integration, as well as easy pee nn : a 
identification of potential trouble. ———— bee NCR SCSI 
And, its surface-mount technology A ee aT ate 
means greater reliability. ee Technology Gr oup 


1-800-325-SCSI 


Introducing the VME-to-SCSI Host Adapter. 
From NCR. 


VME is a trademark of Motorola. 


Creating value 
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based on improving its own re- 
sources in semiconductors, accord- 
ing to Klaus Luft, chairman of 
Nixdorf AG, the Paderborn, West 
Germany, data-processing com- 
pany. Says Luft, who recently set 
up an ASIC plant in Neuchatel, 
Switzerland, to make chips for 
Nixdorfs computers, “Europe has 
been making it too easy for US and 
Japanese chipmakers to open facto- 
ries, thanks to big cash grants and 
red-carpet treatment. Europe’s 
needs would be better served by 
building more plants of our own. 
That would safeguard us from the 
recent unhappy experience with 
chip shortages which the US and 
Japan artificially created in order 
to push up prices.” 


rom the American perspec- 
tive, manufacturing in 
Europe will be more impor- 
tant than ever. Says Ted 
Richardson, director of the Euro- 
pean Telecommunications Industry 
Service of Dataquest, a market- 
research firm based in San Jose, 
CA, “As 1992 looms closer, Ameri- 
can and Japanese telecomm firms 
will find themselves under increas- 
ing pressure to manufacture in 
Europe. There’s a real danger that, 
if they don’t, they will find that, 
as the internal European barriers 
come down, the external ones will 
be raised higher. EC has made tele- 
comm a strategic industry for 
Europe that it intends to defend.” 
Norbert Bininda, a telecomm ex- 
ecutive for Siemens (Munich, West 
Germany), argues: “What Europe 
expects from the US and Japan are 
more open public-procurement 
practices. It would be very bad if 
Europe were alone in adopting free- 


trade measures.” At present, how-. 


ever, less than 10% of procurement 
by Europe’s government agencies 
is put out to international competi- 
tion. Telecommunications contracts 
have traditionally been the pre- 
serve of local industry—and are 
likely to remain so. 

US companies that are selling but 
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not yet marketing in Europe are 
closely studying the implications of 
1992’s changes. Declares William P 
Conlin, president of Caleomp, an 
Anaheim, CA, manufacturer of 
computer-graphics products: “By 
that date, we could be close to ¢a- 
pacity in our US plants. That could 
be the time to turn to manufactur- 
ing overseas, particularly in 
Europe. We are already having dif- 
ficulties shipping product across the 
Atlantic. A European plant could 
be the solution to a number of prob- 
lems.” 

However, many US electronics 
firms consider themselves well 
geared already to cope with the im- 
plications of 1992. Dr Gilbert F 
Amelio, president of Rockwell In- 
ternational Corp’s Telecommunica- 
tions and Semiconductor business, 
reports that Rockwell has recently 
opened its first remote chip-design 
center in Europe, which is linked 
directly to the firm’s R&D center 
in Newport Beach, CA. 


ockwell is targeting an in- 
crease in the European 
hare of its worldwide 


semiconductor business from 12% at 
present to 20% by 1990. Amelio 
says he chose Sophia Antipolis, a 
science park on the French Riviera, 
as the site of the design center be- 
cause of the high concentration of 
telecomm manufacturers in France. 
“France is the most advanced coun- 
try in the world in telecomm,” he 
says. “Look at the work their engi- 
neers, designers, and market peo- 
ple have done on smart-card-oper- 
ated phones, their Minitel videotex 
network, and other state-of-the-art 
ventures. It may take some years 
for the Europeans to introduce com- 
mon standards in telecomm. What- 
ever line they take, we at Rockwell 
intend to be ready.” 

Chip manufacturers who target 
the European telecomm market are 
pinning their hopes on moves to- 
ward the deregulation of teleeomm 
services and purchasing structures. 
Until now, these factors have suc- 


cessfully closed European national 
markets to outside suppliers of 
equipment. Only in Britain has the 
carrier service been opened to com- 


petition. 
Pes NV, the French-domi- 
nated consortium that has 
acquired ITT Corp’s telecomm ac- 
tivities, says: “Deregulation in 
Europe is going to take longer than 
some people imagine. For Alcatel, 
which already sells ITT’s System 12 
and the French-designed E 10 and 
E 12 central-office switches 
throughout most of Europe, it won’t 
make a dramatic change, because 
we have plants that span much of 
the continent. So it makes little dif- 
ference to us how swiftly deregula- 
tion is introduced. We are a local 
company in almost every country.” 


ierre Suard, chairman of Al- » 


Sematech worries Europe 

While US chip makers eye the 
scene across the Atlantic with opti- 
mism, European semiconductor 
manufacturers look westward with 
eoncern. They are carefully track- 
ing the efforts of their American 
competitors, who, under the um- 
brella of Sematech, a $1.5. billion 
research venture by leading US 
chipmakers, are striving to recap- 
ture the industry leadership they 
lost to Japan. 

“In Europe we have no real an- 
swer to what the Americans are do- 
ing,” says Hartwin Breitenbach, di- 
rector of marketing at Austria 
Mikro Systems International GmbH 
of Unterpremstaetten, Austria. 
“We lack the focal point of 
Sematech.” Pasquale Pistorio, chief 
executive of SGS-Thomson Micro- 
electronics, takes a more optimistic 
view: “Sematech could be a real | 
stimulus to the European chip in- 
dustry.” 

Although Sematech is directed 
against Japan, many Europeans 
fear that by excluding them from 
the club, the US manufacturers are 
trying to weaken Europe’s lacklus- 
ter chip industry. As Jim Bev- 
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eridge, director of the London- 
based European Semiconductor Div 
of Dataquest, notes: “Just look at 
the performance of some of the 
European chip manufacturers. 
Then you will understand why 
Sematech has got them worried.” 


urope’s chip makers have 

carved out only a meager 

7.7% share of the US mar- 
ketplace, according to Dataquest. 
But 43% of all chips sold in Europe 
come from the US. Excluding IBM, 
whose European plants produce 
chips exclusively for the company’s 
own consumption, 24% of Euro- 
pean-made chips come from US- 
owned plants. 

What concerns the European chip 
makers even more is that they’re 
performing in a lifeless market- 
place. This stagnation is camou- 
flaged by the sales figures, which 
grew from $5.5 billion to $6.4 billion 
between 1986 and 1987, an increase 
of 14.4%. However, that increase 
reflects last year’s weakness of the 
dollar against European currencies. 
In European terms, the local mar- 
ket decreased by 1.2%, according 
to Dataquest. 

Executives at European firms 
such as SGS-Thomson Microelec- 
tronics (Agrate Brianza, Italy) and 
Philips (Eindhoven, the Nether- 
lands), which have chip operations 
of their own in the US, are disap- 
pointed that their American rivals 
don’t want them at Sematech. Cees 
Koot, Managing Director of the In- 
tegrated Circuits Business Unit at 
Philips International BV, says: “We 
would much rather have our 
Signetics offshoot in the US within 
Sematech. The Americans are 
wrong in keeping us out. It is im- 
portant for them to mobilize Euro- 
pean expertise. Without healthy in- 
teraction between the US and 
European semiconductor indus- 
tries, the Japanese are going to run 
away with the world’s chip equip- 
ment business. The Americans have 
to realize that they cannot survive 
on their own.” 
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Dataquest analyst Beveridge 
doesn’t believe that Sematech is 
hamstringing Europe’s semiconduc- 
tor industry. “Sematech simply re- 
flects the failure over the years of 
the US chip firms to get their act 
together. Europe has its own prob- 
lems in getting its own manufactur- 
ers to cooperate. But we are likely 
to get over them faster. In fact, we 
are already well on the way.” 

European Silicon Structures 
(ES2) (Sévres, France) is a com- 
pany that symbolizes a growing de- 
termination not to lag behind the 
US and Japan. Financed by elec- 
tronics firms and financial institu- 
tions from all over western Europe, 
ES2 specializes in ASICs. It’s now 
turning out these custom devices at 
the rate of 200 per year. The firm’s 
chairman, Robb Wilmot, boasts 
that ES2 is “ahead of all the compe- 
tition. We have already built the 
largest custom chip: 1.1 cm a side. 
We have put the most designs on 
a wafer: 28. We have also achieved 
fastest delivery—only two weeks. 
And we are taking one quarter of 
the full custom designs on offer in 


Europe.” 
(ere! muscle in chip 
making has also been 
strengthened by two major merg- 
ers. Italy’s SGS Microelettronica 
teamed up with the commercial 
semiconductor arm of France’s 
Thomson group to create SGS- 
Thomson Microelectronics. This 
year, the new company forecasts 
revenues of at least $1 billion, com- 
pared with $860 million for the two 
separate entities in 1987. Says CEO 
Pistorio: “One of the basic reasons 
for our type of merger is to acquire 
technological characteristics or spe- 
cific technologies that enrich the ex- 
isting portfolio.” 

The Sematech partners could 
soon take notice as Europe’s leading 
semiconductor firms launch the 
Joint European Semiconductor Sili- 
con (JESSI) project. The founders, 
Philips of the Netherlands and 


ver the past year, 


Siemens of West Germany, have al- 
ready spent four years in develop- 
ing 1M- and 4M-bit memory chips. 
JESSI’s task is to match US and 
Japanese efforts by developing 
powerful new semiconductors for 
the 1990s. According to the group’s 
present plans, much of the $1.8 bil- 
lion investment for the project will 
be financed by the West German 
and Dutch governments. 

Pat Brockett, managing director 
of National Semiconductor Ltd 
(Swindon, UK), argues. that 
Europe’s priority is to make an im- 
pact on the US chip market, where, 
as the Dataquest numbers show, its 
presence is very poor. “Look how 
Siemens and Ericsson are forging 
their way into the US telecommuni- 
cations marketplace,” Brockett 
says. “This is what the European 
chip makers should be doing, too.” 

Gerald B Thomas, President of 
LSI Logic Ltd (Sidcup, UK), the 
European wing of the US company, 
comments: “Europe has the oppor- 
tunity to match Sematech. Chips 
are a business where everybody is 
fighting tooth and nail. But there 
are big opportunities as we ap- 
proach the 1992 landmark year, 
both for US manufacturers in 
EKurope—and for Europeans in the 
US.” 

These messages from the compe- 
tition are likely to fall on deaf ears, 
however. For the moment, 
Europe’s chip makers regard the 
protection of their own patch of 
ground as the priority. Any assault 
strategy will come later—if at all. 
Jack Gee is a contributing editor for 
Electronic Business magazine. He 
lives and works in Paris, France. 
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ONE 1?-BIT 

5 MHz A/D AND 
WEVE GOT IT. 


That's right. Our new SP9550 is the world’s first, fill out the coupon and mail it to Sipex Corpora- 
and only, 12-bit, 5 MHz A/D converter. tion, Six Fortune Drive, Billerica, MA 01821. For 
The flagship of our new Multipass” 


fast action, dial our toll-free literature 
hotline: 1-800-272-1772. In Mas- 
sachusetts, call (508) 663-7811. 


converts in 200 nSec at SO = 
Send details on the Sipex family 


of Multipass” converters. 


|_| SP9550 |] SP9548 L] SP9588 
5 MHz, 12-bit 2MHz, 12-bit 400 KHz, 14-bit 


family of sub-ranging, flash-tech- 
nology converters, SP9550 


Oo MHz sampling with 
+ 1/2 LSB accuracy and no 


missing codes. With an input 


[ _] Please send a complete 1988 product catalog. 
[_] Please have a salesperson contact me. 


SP9550 just might be the most versatile little con- 


verter you can lay your hands on. Try it. Or try any Send to: Marketing Department, Sipex Corporation, 


. : Six Fortune Drive, Billerica, MA 01821. 
one of our new 9500 Multipass ADCs. For details, ee a ee = 


; Name: 
range of 0 to 5V, it’s as comfortable with high- | Title: 
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Packaging 
Makes 
the Difference 


Huge Selection of 
Complete Enclosures 
If you want your system to look Safety and EMI/RFI Approvals Tabletop 4,7,10,12,15 slots 
its very best, look to Electronic by UL, CSA, TUV(IEC380) and the 372" Rack 4 slots 
Solutions. ECL. Mb es 


10¥2" Rack 12,15 slots. 


The first thing you'll find is that the DeskMate 7,10,12,15 slots. 


beauty we add to your board level TAL G: @: IEC380 


system is a lot more than skin _ 
deep. It will look better, sell better, Off the Shelf or Built to Order: 


Tabletop 3,5,6,7,12, 
| §=-_:- 20, 32,40 slots 
" $¥2" Rack 3 slots 


and work better in an Electronic From simple needs like paint and 7" Rack 5,7 slots 

‘ j j 102" Rack 12 slots _ 
solutions enclosure, for a lot of labeling to complete reshaping for 14” Rack 12,20,92.40 slots 
reasons: the most unusual requirements —we Desk Mate 5,7, 12 slots 


Engineered Cooling for maximum __doit all. Most of the time we have a __—=—esS 
performance from the new, high- _big head start. , — slots 
density cards. See how packaging can make the -. | 7’ Rack 7 slots 

Built from Experience: We've big difference to your system. Give @ > eS 
been the enclosure experts since us a Call today on our toll- free _ 

board-level systems began. | numbers. 
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DSP microcontroller performs 
multiply-accumulate operations in 160 nsec 


The DSC320C14 microcontroller 
combines ROM, RAM, and digital 
I/O signals with a DSP320C10 DSP 
wP core. Target applications for the 
microcontroller include real-time 
closed-loop control for computer pe- 
ripherals, automotive systems, and 
industrial and military equipment. 
The chip achieves a performance of 
6 MIPS and executes multiply- 
accumulate operations in a single 
160-nsec instruction cycle. 

On-chip features include 16 bit- 
selectable I/O lines, 15 internal/ 
external interrupt inputs, and 1 
nonmaskable interrupt signal. The 
chip also includes four 16-bit gen- 
eral-purpose timers that have 160- 
nsec resolution. You can set one 
timer to function as a watchdog 
timer, you can combine two of the 
timers to work as a single 40-bit 
timer, and you can configure the re- 
maining timer as a baud-rate gen- 
erator. 

In addition, two of the timers can 
produce 6 PWM outputs and per- 
form edge detection on four inputs. 
The outputs produce pulses as small 
as 160 nsec with frequencies as high 
as 2.5 MHz. The edge-detection cir- 
cuitry stores a timer value corre- 
sponding to an event and can be 
programmed to interrupt the pP 
upon occurrence of events. 

A serial port with a Codec mode, 
which operates at 6.4 MHz synchro- 
nously or 400 kHz asynchronously, 
also resides on the chip. This port 
ean detect and flag parity, overrun, 
framing, and other errors. You can 
also configure the serial port to con- 
nect to the BitBus. Operating in 
codec mode, the port provides an 
analog interface and supports the 
1.544-MHz T1 digital-telephone 
rate. 

The microcontroller includes 256 
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ROM, RAM, timers, and digital I/O signals combine with a DSP320C10 wP core in the 
DSC320C14 DSP microcontroller. The chip fits into real-time control applications that benefit 
from single-cycle, multiply-accumulate operations. 


16-bit words of RAM and 4k 16-bit 
words of ROM. Furthermore, the 
wP can address 4k words of memory 
connected externally to the chip. 
The microcontroller employs a 
memory bank-switching technique 
to execute code out of internal or 
external memory. You can store 
DSP routines in internal ROM and 
call them from code residing in ex- 
ternal memory. However, the inter- 
nal ROM can’t be read externally, 
thus providing data security for the 
chip’s ROM-based applications. 
Because the microcontroller of- 
fers object-code compatibility with 
the DSP320C10, you can access a 
large base of existing DSP and con- 
trol application software. In addi- 
tion, the company plans to offer an 
assembler/linker and simulator for 
the chip. You can also expect an 


evaluation board, an in-circuit emu- 
lation module, and an IBM PC- 
based development system to be 
available soon. 

The chip will be offered in a 40- 
pin DIP, a 44-pin PLCC (plastic 
leaded chip carrier), and a 68-pin 
PLCC. Only the 68-pin device will 
allow access to external memory. 
You can buy an engineering sample 
of the 40-pin device for $75, and 
production quantities will be avail- 
able in the first quarter of 1989. 
Texas Instruments will act as a sec- 
ond source for the chip. 

—Maury Wright 

Microchip Technology Inc, 2355 
W Chandler Blvd, Chandler, AZ 
85224. Phone (602) 345-3287. 
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PRODUCT UPD 


ALT 


ie 


20-GHz-bandwidth DSO samples at 100G 
samples /sec and implements differential TDR 


Necessity has long been known as 
the mother of invention, but, among 
electronic products, there are many 
inventions that become the mother 
of necessity: Once users understand 
what such a product can do, they 
can see no way to accomplish their 
jobs without it. Tektronix envisions 
this kind of role for the 11800 Series 
digital sampling oscilloscopes. 

The 11800 Series scopes aren’t 
the only DSOs that combine a 20- 
. GHz bandwidth with a resolution of 
at least eight bits or the only ones 
that, in effect, sample at 100G sam- 
ples/sec. (Their actual sample rate 
of 200k samples/sec is faster than 
that of most sequential equivalent- 
time-sampling scopes.) They do, 
however, sport several unique fea- 
tures. One is expandability to 136 
channels, with 1-psec timing inaccu- 
racy between any pair. Eight chan- 
nels can appear on the screen at 
one time. Another is the ability to 
make differential TDR (time-do- 
main reflectometry) measurements. 

By applying pulses and looking 
for reflections, TDR allows you to 
measure the electrical length of 
transmission lines and to locate dis- 
continuities in them. In differential 
TDR, the scope, when equipped 
with an appropriate sampling head, 
applies equal amplitude pulses of 
opposite polarity to a pair of con- 
ductors—for example, the twisted 
pairs that constitute the balanced 
lines often used for clock distribu- 
tion in high-speed computer sys- 
tems. Heretofore, commercial TDR 
instruments have been single 
ended, causing measurements on 
balanced lines to be inaccurate as 
well as difficult to make. Tektronix 
believes that differential TDR is 
such a great improvement over sin- 
gle-ended TDR that it will become 
an industry standard. 
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A touch-sensitive screen and rotary controls, whose functions depend on the menu from 
which you access them, give the 11800 Series scopes an uncluttered panel despite a wealth 
of firmware-resident features. 


Because the new scope can ac- 
commodate so many channels, its 
vendor envisions it at the heart of 
automatic test systems—systems, 
for example, that characterize the 
dynamic performance of high-pin- 
count ICs. Most attempts to use 
scopes in such applications have in- 
volved the use of relays to sequen- 
tially connect a small number of in- 
puts to different device pins. How- 
ever, in addition to being slow, this 
approach is subject to timing errors 
introduced by signal paths through 
the relays. 

So far, nobody has succeeded in 
quantifying ease-of-use. Nonethe- 
less, the 11800 Series scopes pro- 
vide a bevy of features that would 
accord them a high score for user- 
friendliness. Unlike the vendor’s 
portable digital scopes, which at- 
tempt to provide the “feel” of ana- 
log instruments, the 11800 Series 
scopes supplant many separate 
front-panel controls with a series of 
on-screen menus, a touch-sensitive 
screen, and a pair of rotary con- 
trols. The functions of the rotary 
controls change depending on the 
menu from which you access them. 
This approach makes possible an 


uncluttered panel and yet provides 
easy access to a surprisingly large 
firmware-resident feature set. 

You can invoke 16 automatic 
measurement modes—for example, 
you can measure propagation delay 
and many pulse parameters—and 
display six measurements on the 
screen below the waveforms. The 
readings update continuously until 
you stop data acquisition. Tektronix 
claims that a concerted human- 
engineering effort has made fre- 
quently used menu selections much 
more easily accessible than the com- 
parable functions of competitive in- 
struments. 

The 11801 8-channel mainframe is 
priced at $23,500; the 11802 4- 
channel mainframe is priced at 
$22,000. Expanders, each of which 
accommodates as many as 32 chan- 
nels, are priced from $10,000. A 2- 
channel sampling head is $3500, a 
TDR sampler $5000, and a 9-GHz- 
bandwidth passive probe $1250. 

—Dan Strassberg 

Tektronix Inc, Box 1700, Beaver- 
ton, OR 97077. Phone (800) 835- 
943838, Ext 170. 
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Great code compatibility. 
Terrific performance. Superintegration. 


Zilog’s Z80180™ is the CMOS general purpose controller 
with the high performance and the on-board peripherals 
that make it clearly the cost-effective, space-saving choice. 
Whether you're upgrading a Z80 application or designing a 
totally new system. 


e 


the same 
pared to ASIGS, 
rring engineer 


Plus, tight on-silicon 
ormance. And board real estate 
‘Think what all this can mean 


Right product. Right price. Right away. Zilog 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611, 
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec., 


Full software compatibility. 

You'll be up and running with the Z180 immediately. 
Because it’s 100% object code compatible with Z80/8080." You 
probably already know the code, so you can port right onto 
the Z180. Not only that, since Zilog originally developed the 
part jointly with Hitachi, the Z180 is directly compatible with 
Hitachi’s version, the HD64180Z.” 


Enhanced performance. 

Of course, the Z180’s CPU core gives you more power and 
speed than discrete CPUs. Besides that, there are several new 
instructions. You also get operating frequencies to 10 MHz. And 
you have the overall performance advantages of CMOS and 
Superintegration”™ 


The important peripherals are on board. 

The Z180’s high integration results in impressive savings 
in costs and real estate. The MMU gives you one Mbyte of 
addressing space. You have 2 DMA channels, 2 UART channels, 
and 2 16-bit programmable counter-timers. Plus wait-state 
generators, an interrupt controller, a clock oscillator/generator, 
and a clocked serial 1/0 port. All integrated on the Z180 chip. 

If this isn’t enough to convince you to take a look at what 
the Z180 can do for your design project, here’s a little more to 
consider. The full complement of development support tools are 
readily available from industry leaders. And the Z180 comes to 
you off-the-shelf, backed by Zilog’s proven quality and relia- 
bility. Find out more about the Z180 or any of Zilog’s growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 

210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000. 


JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 241-3611, Mexico—Semiconductores 


Profesionales (5) 536-1312. 
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International 


Series 4, ,.4! 
Linear fy 9 
@: 


Power 
Supplies 


UL File No. E104173 
CSA Certification No. LR81336 
TUV License No. R88104-6 


e World-wide AC input capability 
100/120/220/230/240 VAC, 
47-63 Hz. 


e World-wide safety standards. 
e Single, dual, and triple outputs. 


e Tight regulation: 0.05% line 
& load. 


e Built-in OVP on 5V output: 
Optional OVP for 12V, 15V, 24V 
outputs. 


¢ Overload protection with 
automatic recovery. 


e Remote sense on main outputs. 
e 100% burn-in 
e Two year warranty. 


If you have a custom 
design, call us. Also ask 
us about our DC-DC and 

switcher lines. 
For further information, contact: 


ELECTRONICS 


CORP. 

2380 Qume Drive, Suite A 
San Jose, CA 95131 
(408) 434-0877 
Fax # (408) 434-0539 
Telex 279366 
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PRODUCT UPDATE 


PC-based CD-ROM tool 
speeds component selection 


If you need a 5V, 45-nsec, 8k- 
byte x 8-bit static RAM that is 
screened to MIL-STD-883C and 
fabricated in CMOS, you typically 
start your search in the IC Master 
catalogue. After finding that seven 
vendors make SRAMs that meet 
your specifications, you have to 
chase down data sheets and applica- 
tion notes before you can evaluate 
the devices for criteria such as MIL 
qualification, power consumption, 
source and sink currents, and a host 
of other design considerations. Only 
after spending days, weeks, or 
months finding the necessary docu- 
mentation can you start the real en- 
gineering task of component selec- 
tion. Now there is an easier way. 

CAPS (Computer Aided Product 
Selection) is a tool that automates 
the whole process of integrated- 
circuit and semiconductor-device 
selection. To use the system, you 
need a PC/AT or compatible com- 
puter and a laser or dot-matrix 
printer with graphics capability. 
The CAPS system is available on 
an annual subscription basis and 
comes with two plug-in boards; a 
4-disk CD-ROM reader; a high- 
resolution, 1650 x 1200-pixel, full- 
page monitor; a mouse; and a set 
of about 20 CD-ROM disks. 

The disks contain a conveniently 
organized, indexed database of 
more than 400,000 devices from 
over 250 vendors. You access the 
database via a menu-driven user in- 
terface that allows you to search for 
a part on the basis of fabrication 
technology, function, and de or ac 
parameters. You can identify 
equivalent devices and alternate 
sources, find mil-spec parts, locate 
functionally identical components 


CAPS is a PC-based hardware and soft- 
ware package that utilizes a high-resolution 
monitor and a 4-disk CD-ROM player to 
automate the time-consuming process of se- 
lecting ICs and semiconductor devices. 


with different reliabilty ratings, en- 
sure that a particular part is still 
in production, and look up replace- 
ments for obsolete components. The 
CAPS database also includes in- 
depth reference data covering com- 
ponent upgrades and downgrades, 
military and DESC (Defense Elec- 
tronics Supply Center) part num- 
bers, reliability ratings, QPL (quali- 
fied parts list) sources, and manu- 
facturers’ addresses and phone 
numbers. If needed, you can print 
data sheets and applications notes 
directly from the database. 

The CAPS system is available on 
an annual subscription basis from 
Cahners Technical Information 
Service for $7,950. Update disks are 
issued at 90-day intervals and in- 
clude information on new compo- 
nents as well as revisions to exist- 
ing information. 

—Michael Markowitz 

Cahners Technical Information 
Service Division, 275 Washington 
St, Newton, MA 02158. Phone (617) 
964-3030. 
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It's Also the World's Leading ; 


With the recent acquisition of Borg- e 
Warner Chemicals, GE Plastics can ASTICS 
now supply worldwide markets with 


the broadest line of ABS resins in Now designers and manufacturers 
the industry. Combined with our all over the world have one source for 
total resources in high-performance a wider choice of products and 
engineering polymers, this expansion properties to fit specific application 


forms a global product offering that 1s needs—products that provide a new 
unmatched in its scope and versatility 


dimension of design possibilities 
—a product range totally supported by and manufacturing efficiencies. 


the technologies which made these LEXAN® resin. NORYL® resin 
ABS resins and engineering polymers VALOX® resin, XENOY® thermo- 
the world leaders in sales. plastic alloys, CYCOLAC® ABS, 


® LEXAN, NORYL, VALOX, XENOY, CYCOLAC, PREVEX, ULTEM and 
GELOY are registered trademarks of General Electric Company or affiliates. 


™ SUPEC is a trademark of General Electric Company. 


uurce of Engineering Polymers. 


PREVEX® polymer, ULTEM®, SUPEC™ For information on LEXAN, 

and GELOY® resins, and many more. NORYL, VALOX, ULTEM, SUPEC and 
With a network of technical, GELOY resins and XENOY thermo- 

R&D and manufacturing facilities and plastic alloys, call (800) 845-0600. 

sales offices spanning the globe, GE For information on CYCOLAC ABS 

Plastics customers get fast response, and alloys and PREVEX polymer, call 

dependable supply and delivery, and (800) 624-2611 (In Canada, call 

hands-on support from the industry’s 416/372-6801). 

largest technical staff and market 


development team. 
GE Plastics: creating more 
options, more opportunities—all over 


te ori GE Plastics 


For information on LEXAN, 
NORYL, VALOX, ULTEM, SUPEC and 
GELOY resins and XENOY thermo- 
plastic alloys, call (800) 845-0600. 

For information on CYCOLAC ABS 
and alloys and PREVEX polymer, call 
(800) 624-2611 (In Canada, call 
416/372-6801). 


GE Plastics 


«Reed Publishing (USA). Inc, 
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1-800-255-7798 


Bring this ad to Show for 


free admission. Save $20. 
XL. 


No matter what your element 
our display ADCs are in it. 
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TELEDYNE SEMICONDUCTOR 


—- Se eee 


Transform the natural 
world into naturally perfect 
readouts with ADCs from 
Teledyne Semiconductor. 


No one has more low power 
linear CMOS ADCs for your 
display applications than Teledyne 
semiconductor. Or more features. 
Or more package options, 
including PLCC and quad flat 
packages. 


There's the autoranging 
TSC815, the product that’s made 
Teledyne Semiconductor the 
world leader in multimeter display 
ADCs. The TSC7106/7136 family, 
the industry standard in low power 
display converters. The TSC826 
and TSC827, the first ADCs with 
bar graph output and setpoint 
control. The TSC500, our 
integrating converter analog 
processor that lets 
microprocessor-based display 
ADCs offer more features than 
application-specific ADCs. Plus 
lots more—including the right ADC 
for your application. 


They're all backed by 
Teledyne’s impeccable reputation 
for quality, service and support, 
earned over more than a quarter 
century in the semiconductor 
business. 


Get the full story. Call 
today for your free Display ADC 
Handbook full of specs and 
application information. 


1-800-888-9966 
415-968-9241 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

PO Box 7267 

Mountain View, CA 94039 
TWX 910-379-6494 

FAX 415-967-1590 


TELEDYNE SEMICONDUCTOR 


a) 


Display A/D Converters 


TSC 500 Resolution to 16 bits, microprocessor 
programmable. New! 


TSC 815 Autoranging, AC/DC voltage & resistance. 
TSC 7106 LCD drive, 3 1/2 digit. 

TSC 7107 LED drive, 3 1/2 digit. 

TSC 7116 LCD drive, 3 1/2 digit with display hold. 
TSC 7117 LED drive, 3 1/2 digit with display hold. 
TSC 7126 Low power LCD drive, 3 1/2 digit. 

TSC 7129 4 1/2 digit with triplex LCD drive. New! _ 
TSC 7135 4 1/2 digit with multiplexed BCD output. 
TSC 7136 Fast overload recovery, 3 1/2 digit. New! 


Bar Graph Output A/D Converters 
TSC 826 40 LCD segment output LCD. ADC also. 


TSC 827 101 LCD segment output ADC with high & 
low setpoints, serial data output. New! 
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READERS’ CHOICE 


Of all the new products covered in EDN’s July 7, 1988, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, use EDN’s Express Request 
service, or refer to the indicated pages in our July 7, 1988, issue. 


ENHANCED MICROPROCESSOR 
The Z80180 incorporates an on-chip 
memory-management unit (MMU) 

that can address as much as 1M 

byte of memory and support 64k 

bytes of logical I/O space (pg 100). 

Zilog Inc. 

Circle No 603 


DC/DC CONVERTERS 
Models in the NMA line 

of de/de converters ac- 

cept inputs of 5, 12, 24, 

or 48V de. The units pro- 
vide an output of +5, 

+12, or +15V with 750 
mW of power (pg 198). 
International Power 


Sources Inc. 
Circle No 602 


156 


< COLD PLATES 


These liquid- and air-cooled plates 
have a ceramic coating with high 
thermal conductivity as well as 
good electrical insulation. The 
manufacturer uses a proprietary 
process for applying ceramic coat- 
ings to a metal base (pg 220). 
EG&G Wakefield Engineering. 
Circle No 601 


UNIX UTILITY 

XDOS converts binary-code pro- 
grams written for the IBM PC to 
binary images for Unix computers 
(pg 260). 

Hunter Systems. 

Circle No 604 


A AUDIO PREAMP 

The TEA 6300 audio preamplifier incorporates a signal 
source selector; volume, bass, treble, and stereo bal- 
ance controls; and a quad fader to control the front 
and rear speaker amplifiers in surround-sound systems 
(pg 140). 

Philips. 

Circle No 605 

Signetics Corp. 

Circle No 606 
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Design Concept 
Through 


Fabrication 
in Just 5 Days! 


That’s fast. But are there any 
surprises? Certainly! Unilayer II starts 
with a pre-manufactured universal board 
module and adds computerized discrete 
wiring, zero-profile contacts, and 100% 
continuity testing. And — here’s the 
surprise! — there’s no drawn-out design 
cycle, no time-consuming artwork 
generation, no lengthy manufacturing 
process. That’s why it’s so fast. 


VAX is a registered trademark of 
Digital Equipment Corporation 
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oin the fastest team 
on the block! Use 


Lean and Mean 
Tooling Costs! 


How lean? Tooling charges for 
Unilayer I are typically 90% less than 
multilayer. And, since the discrete wires 
are laminated to pre-built board 
modules, there’s no artwork to be 
generated. That means minimum up- 
front charges and rapid-fire delivery with 
Unilayer ZI. 


Plug In Your 
Components! 


Stuffing your board is a breeze. All 
Unilayer II boards are provided with 
zero-profile Holtite contacts, so you can 
plug your IC’s directly into the board, 
without soldering and without creating a 
higher profile. Just plug in your 
components for smooth skating. 


“INTERCONNECTION 


STEMS 


Roll In 
Your Database 
Electronically! 


It's easy — just have your computer 
talk to our computer. Your schematic 
can be transmitted directly via modem 
from your CAE workstation to our VAX® 
computers. So implementing your 
Unilayer II design can be as simple as 
dialing a phone. 


Want to 
know more? 


Send tor the 
Unilayer II 


Product and 
Design Guide 


Call fora 


process Video 
Demo or 
additional 
information 

(Ask for Unilayer) 


40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 
(617)222-2202 FAX (617)226-5257 TWX 710-391-0644 
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Four competitors had no solution to this 
tough connector problem. 


— The RN “Partners 
in Quality Team” 


7 Ds 
. i i : . Ce ivere e 


state-of-the-art 
onnector in 
16 weeks! 


1. 4 F ’ BRS P 
To Preach Quality, — 
To Prove It. 


LEADTIME INDEX 


ITEM 
TRANSFORMERS 
Toroidal 

Pot-Core 
Laminate (power) 
CONNECTORS 
Military panel 
Flat/Cable 
Multi-pin circular 
PC (2-piece) 
RF/Coaxial 
Socket 

Terminal blocks 
Edge card 
D-Subminiature 
Rack & panel 
Power 


PRINTED CIRCUIT BOARDS 


Single sided 
Double sided 
Multi-layer 
Prototype 
RESISTORS 


Carbon film 


Carbon composition 


Metal film 
Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 

SWITCHES 
Pushbutton 
Rotary 

Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual-in-line 

WIRE AND CABLE 
Coaxial 

Flat ribbon 
Multiconductor 
Hookup 

Wirewrap 

Power cords 
POWER SUPPLIES 
Switcher 

Linear 


CIRCUIT BREAKERS 


HEAT SINKS 
BATTERIES 


Lithium coin cells 
9V alkaline 


Real-time clock back-up 


RELAYS 


General purpose 
PC board 
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ITEM ~*~ .3 @© o % % we wo 
Dry reed 0 22 8 22 Gg Of 65 7.2 
Mercury O 17 # 50 8 Of 8 7.6 
Solid state S 10 86 45 @ Oj; 18) 8.7 
DISCRETE SEMICONDUCTORS 
Diode 26 32 26 16 0 
Zener 25 37 +t 19 0 
Thyristor 14 36 @ 21.0 #0 
Small signal transistor 63.3300 27 6 0 
MOSFET 25 17 9 33 +6 OO 
Power, bipolar 30 20 @ 30 6 O 
INTEGRATED CIRCUITS, DIGITA 
Advanced CMOS 21 7 43 29 =+=G 0 8.1 9.0 
CMOS 11 32 46 #11 #8 Of G8 7:5 
TTL 18 41 6 G6 lO ae 667 
LS 29 24 41 #6 +8 Of; 48 7.1 
INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit  O0 44 23 33 0 O; &2 7.5 
OP amplifier 6 15 46 31 8 Of} 88 6.2 
Voltage reguiator 19 31 2 25 ©§ O|f 68 5.7 
MEMORY CIRCUITS ne e 
DRAM 16K 0 20 @ 80 0 Of 128 13.3 
DRAM 64K 6 13 0 87 6 Of 484 12.1 
DRAM 256K 0 8 6 54 24 15 | 18% \15.2 
DRAM 1M-bit O 12 11 22 44 +11 +'| ‘182 17.9 
SRAM 4K x 4 0 17 7% 33 G Oj} 183 16.7 
SRAM 8K x 8 60 9 { 38 2 15 | 1768 18.6 
SRAM 2K x 8 © 13 @ 74 {8 +#0| 154 16.1 
ROM/PROM Oo 14 +6 86 6 oO | 187 12.5 
EPROM 64K 6 25 7, 50 6 Oj} 88 13.3 
EPROM 256K 0 15 38 62 8 Of (42 15.3 
EPROM 1M-bit 144 #15 GO 57 1 OO} 128 18.5 
EEPROM 16K 0 17 17 6 O60 Of 126 15.8 
EEPROM 64K © 15 4 71 +O 0 | 128 16.9 
DISPLAYS 
Panel meters oO 20 5&0 20 G 10 10.8 8.9 
Fluorescent Go 13 #3 49 0 0 11.0 11.1 
Incandescent GO 25 25 £450 0 0 10.4 5.3 
LED 14 #48 BB 21 + +=#=§ OO} 68 5.9 
Liquid crystal 10 10 46 40 =@© oO 9.6 8.1 
MICROPROCESSOR ICs 
8-bit 6 50 2 30 6 0 77 8.2 
16-bit 18 37 += #37 ~=«8 =~ 0 7.8 9.4 
32-bit 6 22 38 33 42 +0}; 44 13.3 
FUNCTION PACKAGES 
Amplifier f) 25 af 38 0 0 oa 7.1 
Converter, analogto digital O 18 55 #27 0 0 9.1 8.6 
Converter, digitaltoanalog O 25 37 #38 0 0 9.5 8.6 
LINE FILTERS 6 54 (8 23 =@ 0 6.3 6.6 
CAPACITORS 
Ceramic monolithic 24 29 24 18 0 0 5.9 7.3 
Ceramic disc 18 29 28 24 6 O| 68 7.0 
Film 27.) | 27 = 6333 6 Oo 6.9 6.5 
Aluminum electrolytic 1 25 6) 37-8 ~SOO 8.0 8.4 
Tantalum 47 22 BF 28 6 0 8.6 7.8 
INDUCTORS 8 30 31 31 #6 O 8.1 9.3 


Source: Electronics Purchasing Magazine's survey of buyers. 
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Were eliminating 
— the competition 
with something 
everyone else seems 
to have forgotten 
you need... 


Plessey - Unsurpassed 
Process Technology 


As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max- 
imum performance edge you’ve been 
looking for. 

Plessey’s investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve- 
ment in process techniques are at the 
heart of leading-edge Plessey products. 


PLESSEY and the Plessey symbol are trademarks of the Plessey Com- 
pany, PLC. 
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Plessey - The Ultimate in 
ASIC Technology 


Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state- 
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 
of performance and system integration 
available today. 


Plessey - Unparalleled 
CAD Support 


The Plessey Design System (PDS) is a 
comprehensive suite of software em- 


bracing the design, simulation and im- 
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in- 
terfaces at various stages into PDS. 


Plessey - Standard Products 
And Discrete Components 


Plessey’s standard product family of- 
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world’s most advanced 1.3GHz 


monolithic log amplifier. 


High performance solutions are also 
offered in radio communications, digital 
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EDN’s 


15th 


Annual 
pP/ WC 
Chip 
Directory | 


Forget about RISCs, 
MIPS, and Dhrystones. 
This year, the real action 
revolves around new 
embedded-controller 

wP chips. 


Jon Titus, Editor 


This year, new wP chips aimed at embedded-control applica- 
tions deserve the limelight—even though high-performance 
RISC (reduced instruction-set computer) chips have gar- 
nered most of the headlines. Actually, today’s new embed- 
ded controllers and RISC CPU chips aren’t that far apart. 
Three of the new high-end embedded-control wPs take ad- 
vantage of at least some form of RISC architecture. Today, 
embedded controllers encompass a wide range of applica- 
tions that go far beyond obvious uses in toys, appliances, 
and vending machines. Recently introduced 16-and 32-bit 
wP chips are letting designers insert unprecedented com- 
puter power in new graphics, data-communication, and 
data-processing applications. 

Historically, devices such as the 8048 and 8051 have domi- 
nated the embedded-control market—a market aimed 
mainly at event-driven control applications. Those applica- 
tions required chips that could respond to external stimuli 
and produce appropriate drive or control signals. But about 
two or three years ago, the embedded-controller market 
started shifting into other areas, and designers started de- 
manding more performa ance from uP chips. 

According to Alan Steinberg at Intel, the embedded- 
control market now includes four broad areas: event proc- 
essing, numeric processing, digital signal processing, and 
data processing. Thus, today’s market shows a shift away 
from event-driven controllers—although thousands of these 
applications still exist—toward more complex data- 
manipulation tasks. That shift may be one reason why to- 
day’s #P manufacturers have been pushing more gen- 


With recent 32-bit uP chips, designers are putting unprecedented com- 
puter power into new graphics, data-communication, and data-processing 
applications. (Photo courtesy Motorola) 
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eral-purpose and reprogrammable wP designs into the 
embedded-controller market. Examples of new high- 
end embedded-controller chips include Intel’s 80960, 


ues to consume millions of low-end, 4-bit wC chips, and 
that important market will exist for many years. In 
terms of units shipped, however, this year the 8-bit 


Harris’s RTX2000, and AMD’s 2 29000. 


Certainly, the embedded-controller market contin- 


devices may surpass their 4-bit cousins. Keep in mind 
it has taken 17 years for this development to come 


Manufacturers of w~P/pC chips 


For more information on P/.C chips such as those included in this directory, contact the following manufacturers 
directly or circle the appropriate numbers on the Information Retrieval Service card. Information about recent mergers 
and acquisitions appears in parentheses. _ 


Intermetall GmbH (ITT) | 


Advanced Micro Devices Fujitsu Microelectronics Inc Hitachi Ltd 

901 Thomson Pl] 3330 Seott Blvd Semiconductor & Box 840 

Sunnyvale, CA 94086 Santa Clara, CA 95054 Integrated Circuits Div D-7800 Freiburg, West Germany 
(408) 732-2400 (408) 727-1700 _ New Marunouchi Bldg 5-1 (0761) 5170 

Circle No 650 FAX (408) 922-9128 Marunouchi 1-Chome Circle No 670 


Circle No 657 Chiyoda-ku, Tokyo 100, Japan 
(03) 212-1111 : 
Analog Devices Inc Circle No 663 LSI Logic Corp 
Box 9106 GE-Intersil 1551 McCarthy Blvd 
1 Technology Way (Acquired by Harris) Milpitas, CA 95035 
Norwood, MA 02062 2450 Walsh Ave Inmos Corp (408) 433-8000 
(617) 329-4700 Santa Clara, CA 95051 Box 16000 Circle No 671 
FAX (617) 326-8703 (408) 996-5000 Colorado Springs, CO 80935 
Circle No 651 Circle No 658 (719) 630-4000 : 
Circle No 664 Microchip Technology 
2355 W Chandler Blvd 
AT&T Technologies Inc GE Solid State Chandler, AZ 85224 
Dept LT (Formerly RCA, recently Inmos Ltd (602) 345-3287 
555 Union Blvd acquired by Harris) 1000 Aztec W Circle No 672 
Allentown, PA 18103 Rte 202 Almondsbury 
(800) 372-2447 Somerville, NJ 08876 Bristol BS12 4SQ, UK ' __ : : 
TLX 82772977 (201) 685-6000 (0454) 616616 Mitsubishi Electronics America Inc 
Circle No 652 FAX (201) 685-6487 Circle No 665 1050 Arques Ave 
TWX 710-480-9333 Sunnyvale, CA 94086 
Circle No 659 (408) 730-5900 
Bipolar Integrated Technology Integrated Device Technology Circle No 673 
Box 4750 3236 Scott Blvd 
Beaverton, OR 97076 Gould Semiconductor (AMI) Santa Clara, CA 95051 _ / 
(503) 629-5490 2300 Buckskin Rd (408) 727-6116 Motorola Integrated Circuits Div — 
FAX (503) 690-1498 Pocatello, ID 83201 Circle No 666 3501 Ed Bluestein Blvd 
TLX 263097 (208) 233-4690 Austin, TX 78721 
Circle No 653 Circle No 660 (512) 928-6000 
Intel Corp Circle No 674 
3065 Bowers Ave 
California Micro Devices Harris Santa Clara, CA 95051 : 
2000 W 14th St Semiconductor Products Div (408) 987-8080 Motorola Microprocessor Products Group 
Tempe, AZ 85281 Box 883 Circle No 667 6501 William Cannon Dr W 
(602) 968-4431 - Melbourne, FL 32902 Austin, TX 78735 
FAX (602) 921-6298 (407) 724-7418 (512) 440-2000 
Circle No 654 FAX (407) 729-5691 Intel Corp : Circle No 675 
TWX 510-959-6259 Embedded Controller Operation 
Circle No 661 5000 W Chandler Blvd / : 
Calmos Semiconductor Chandler, AZ 85226 National Semiconductor Corp 
20 Edgewater St (602) 961-8051 2900 Semiconductor Dr 
_ Kanata, Ontario, Canada K2L1V8 Hitachi America Ltd Circle No 668 Santa Clara, CA 95051 
(613) 836-1014 2210 O’Toole Ave (408) 721-5000 
FAX (613) 831-1742 San Jose, CA 95131 Circle No 676 
Circle No 655 (408) 435-8300 Intergraph Corp 
Circle No 662 Advanced Processor Div 
2400 Geng Rd NCR Corp 
Cypress Semiconductor Palo Alto, CA 94303 2001 Danfield Ct 
3901 N First St (415) 494-8800 Fort Collins, CO 80525 
San Jose, CA 95134 FAX (415) 856-9224 (303) 226-9500 
(408) 943-2852 Circle No 669 Circle No 677 
FAX (408) 943-2741 : 
Circle No 656 
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about. But because of the need for more complex de- 
vices and for advanced data-processing architectures, 
it shouldn’t take the 16-bit ~P chips quite as long to 
overcome their 8-bit relatives in embedded-control ap- 
plications. Dataquest, a San Jose, CA, market-research 


company, reports that the 16-bit high-performance mi- 
crocontroller market is the fastest growing portion of 
the entire microcomputer market. 

Although 16-bit ~P chips have been available for 
some time, the popularity of 16-bit embedded control- 


A 


NCR Hicockictonics D 
_ 1635, Aeroplaza Dr 


a (415) 960-6000 
Circle No 7 


NEC isbn Inc 
Microcomputer Div _ 
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lers was enhanced by Intel’s introduction of its 80188 
and 80186 P chips. Those chips became available after 
the introduction of the 8088 and 8086—the pP chips 
that quickly became popular with personal-computer 
designers. However, the 80188 and the 80186—both 
upgrades of the basic 8088/8086 architecture—were al- 
most forgotten by the PC crowd during its rush to e 
embrace the 80286 and then the 80386. 

Originally, Intel aimed the 80186 primarily at the 
reprogrammable (general-purpose) computer market; 
the embedded-controller market was of secondary im- 
portance. However, the embedded-controller market 
quickly embraced the 80186, designing the chip into 
office-automation and telecommunications products. To 
date, Intel claims almost 3000 design wins for the 
NMOS (80186) and CMOS (80C186) versions of the IC. 


Engineers design I/O systems 

These days, most engineers aren’t designing central- 
processing units (CPUs), new personal computers, or 
workstations. Instead they’re designing the I/O subsys- 
tems that surround these computers. That’s where the 
embedded-controller chips are being used. The 80186 
chip has gained great acceptance because software de- 
velopment is relatively painless. Programmers can 
write, debug, and test their programs on an IBM PC 
or compatible computer by using readily available 
hardware and software tools that support 8088- and 
8086-development projects. Typically, embedded- 
control applications for the 80186 require between 
20,000 and 60,000 lines of program code—which is well 
within the range that a PC can handle. 

Ever since designers got used to having extra fea- 
tures on a wP chip, they’ve been demanding even more 
functions and higher-speed operations. It shouldn’t be 
a surprise, therefore, that although most of us associate 
the 80386 wP chip with high-performance PCs and 
workstations, almost half of the design wins for the 
chip fall into the embedded-control area. Keep in mind, 
though, that the number of chips consumed by embed- 
ded-controller applications is small when compared 
with the number of 386 chips that go into PCs. 

Most »P manufacturers aren’t complacent about the 
_embedded-controller market. Intel, for example, is ag- 
gressively pursuing new architectures aimed at new 
applications. For example, the company’s 16-bit 8096 
chip has been adopted within the automobile industry 
for engine, drive-train, and chassis control. Intel’s 32- 
bit 80960, introduced in April, is finding use in laser 
printers, document scanners, and graphics products. 
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Typically, those applications require intensive data- 
processing operations, so Intel also offers the 80960 
chip in a version that supplies a full IEEE-P754 float- 
ing-point math unit. Programs for the 960 wP chip often 
run as long as 500,000 lines of program code. You'll 
find the 80960 chip in this year’s directory. 


Intel has company 

Intel hasn’t been alone in aiming new products at 
the embedded-controller market. Harris and AMD 
have been touting new pP chips, too. Harris’s new 
16-bit RTX2000 chip takes advantage of a RISC-like 
architecture that lets it execute most instructions in 
one 100-nsec cycle. Again, responding to users’ needs 
to process more data in their applications, the 
RTX2000 supplies a 16 x 16-bit multiplier. 

Although the RTX2000 incorporates some RISC-like 
features and supplies two external buses, don’t be mis- 
led. The chip doesn’t implement the Harvard-type ar- 
chitecture, in which data and instructions each have 
their own bus. The RTX2000’s main bus, or memory 
bus, addresses a 1M-byte range of external memory 
locations that store instructions and data. The chip’s 
second bus—the ASIC bus—addresses only eight 
word-width locations that act like an extension of the 
CPU’s internal registers. Thus, the ASIC bus provides 
a high-speed communication channel between the CPU 
and other CPUs in a multiprocessor system. You could 
also use the ASIC bus to communicate with special- 
purpose coprocessor chips. : 

The RTX2000’s software operations may be even 
more important than its hardware features. Like other 
wP chips, the RTX2000 has its own native assembly 
language, but there the similarity ends. Instead of 
cryptic assembly-language commands, the RTX2000’s 
commands look like Forth-language statements. In 
fact, Forth programs compile directly into RTX2000 
operations: Each Forth statement compiles into an 
RTX2000 instruction. 


29000 takes high and low end 

AMD took a different approach, aiming its 29000 
wP chip at embedded-controller applications as well 
as general-purpose computer systems. AMD believes 
the chip’s architecture is advanced and flexible enough 
to let the pP fill both needs. According to Mike 
Wodopian, the 29000 program manager at AMD, the 
embedded-control market is more attractive now be- 
cause of the high volume of chips that it requires. The 
29000 is attractive to customers because it employs a 
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RISC architecture and because it operates with inex- 
pensive memory ICs, says Wodopian. 

It will take longer to penetrate the small-computer 
market, although Wodopian thinks that time isn’t far 
away. He believes that the differences among the high- 
end PCs—such as the Compaq 386, the Macintosh II, 
and the Sun workstation—are getting harder to dis- 
cern. As the computer spectrum becomes more con- 
tinuous between PCs and high-end workstations, the 
emotional arguments about Unix, MS-DOS, and OS8-2 
will decrease, and many applications for new proces- 
sors will arise. 

Microprocessor manufacturers must all remember 
that engineers are becoming reluctant to put several 
different processor types or architectures in one prod- 
uct. Instead, engineers want a complete family of de- 
vices that offers a continuous spectrum of price-vs- 
performance choices. The »P chips are no longer the 
“point product”—that is, they’re no longer the device 
you choose first and then design everything else 
around. 


Software remains the key 

No matter what wP chip you choose for an embed- 
ded-control application, software development may 
make more demands than hardware design. Therefore, 
software-development tools and environments are 
often as important as a chip’s architecture, and design- 
ers are pressing chip manufacturers for more support. 
For example, many customers could use software simu- 
lators that go beyond the capabilities of today’s offer- 
ings. Users also clamor for more efficient operating 
systems and compilers. In fact, software may prove 
to be the bottleneck in embedded-control applications. 


Note 


Some of the earlier microcontroller chips are not strictly 
general-purpose uP chips, but they have been in the directory 
for some time, so we include them for historical interest. 

Also, AT&T asked us to remove the listing for the WE32 
wP chip from this year’s directory. Apparently, the company 
no longer seeks markets for the pP chip, although it expects 
to continue supplying peripheral and I/O chips. We have 
included the chip because of engineers’ continuing interest 
in it. We recommend that you check with AT&T before con- 
sidering the WE32 for use in a new application. 
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Low frequency signal analyzers 


give you answers, not just data. 


From HP. 


With today’s demand for shorter 
design and production cycles 
combined with the need for higher 
quality measurements, efficiently 
analyzing electronic signals 
creates all sorts of problems— 
from the lack of speed and 
accuracy to a manager who 
says ‘get it done yesterday!”’ 
That’s why HP offers you 
a family of dynamic signal 
analyzers that solve problems 


you face every day with complete 

signal analysis in one package. 
These are flexible analyzers 

that perform multiple tasks in 

the low frequency range 

(dc to 100KHz). 


HP 3565S— 
Up to 62 channels, 
complete modular system. 


Acquire, measure, analyze 

and document signal data in time, 
frequency and amplitude domains. 
Perform multiple measurement 


functions including distortion and 
waveform analysis with one 
instrument. Use them as network, 
spectrum and modulation 
analyzers, and to enhance voltage 
and time measurements. 

HP’s FFT technology provides 


HP 35660A— 
Low-cost, 
2-channel. 
Spectrum/network, 
measurement 
automation and 
data reduction. 


measurements 10 to 100 times faster 
and two to five times more accurate 
than swept analyzers. You'll 


| measure to £0.1dBand £0.5° in 


phase. All without the need to 
reconfigure equipment. You'll save 
time in set-up and measurement— 
your valuable time! 


Get a FREE Problem Solver Video! 


1-800-752-0900, Ext. 215B. 


Let one of these analyzers solve 
your problems faster, with less 
hassle, greater accuracy, and more 
confidence. Call HP today for a free 
Problem Solver Video. 
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Whatever your signal measurement 
problems, we've 
got a solution. 
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Characterizing a Transistor with Parts 


PSpice 
The Standard for Analog Circuit Simulation 
Now Available for OS/2 


Since its introduction over four years ago, 
MicroSim’s PSpice has sold more copies than all 
other commercial SPICE programs combined. 
Now PSpice is available for the OS/2 operating 
system on the PC family of computers: 


e Larger circuits can be simulated. Maximum cir- 
cuit size is limited only by the amount of RAM 
which is installed in the PC. 


¢ The multitasking ability of OS/2 allows running 
PSpice as a background task, freeing the PC for 
other uses. 


All these features which have made PSpice so 
popular are available: 


e Standard parts libraries for diodes, bipolar 
transistors, small-signal JFET’s power 
MOSFET’s opamps, voltage comparators, and 
transformer cores. 


e GaAs MESFET devices, BSIM MOS model. 


e Non-linear transformers modeling saturation, 
hysteresis, and eddy current losses. 


Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 


Allthese PSpice options are available under OS/2: 


¢ Monte Carlo analysis to calculate the effect of 
parameter tolerances on circuit performance. 


e The Probe “software oscilloscope”, allowing 
interactive viewing of simulation results. The 
left photograph above is a Probe display. 


e The Parts parameter extraction program, allow- 
ing you to extract a device’s model parameters 
from data sheet information. The right 
photograph above is a Parts display. 


¢ The Digital Files interface, allowing you to 
transfer data from your logic simulator to (or 
from) PSpice. The interface performs the 
necessary D to A or A to D conversions. 


In addition to the PC, PSpice is also available on 
these computers: 


e The Macintosh II. 
e The Sun 3 and 4 workstations. 


e The VAX/VMS family, including the Micro 
VAX II. 


Each copy of PSpice comes with our extensive 
product support. Our technical staff has over 50 
years of experience in CAD/CAEand our software 
is supported by the engineers who wroteit. With 
PSpice, expert assistance is only a phone call away. 


Please call or write today for a free PSpice demo 
diskette. Find out for yourself why PSpice is the 
standard in analog circuit simulation. 


& MicroSim Corporation 


20 Fairbanks, Irvine, CA 92718 USA 
(714) 770-3022 (800) 826-8603 Telex 265154 SPICE UR 


PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective holders. 
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COP400 


AVAILABILITY: Now. 

COST: Under $0.50 for NMOS 413L and under $1 for CMOS 413C in 
very high volume (1M/yr). 

SECOND SOURCE: Thomson. 

CORE: Core »P concept has been used all along for this single-chip 
family, though on an internal basis. 


Description: NMOS and CMOS minimum-cost single-chip family. COP 
chips are microcontrollers intended to make low-cost, intelligent prod- 
ucts feasible, and contain the complete ~C system—pP, memory and 
1/O—necessary to implement dedicated control functions. Typical appli- 
cation would be as lone chip in a low-cost toy for mass consumer 
market, where it would provide the intelligence to interface to a human. 
An OEM customer might order COP chips at the rate of one million 
annually, paying just $0.50 apiece. 


HARDWARE 


SPLIT-MEMORY ARCHITECTURE 
~<¢—— PROGRAM SIDE | DATA SIDE ——> 


PC SAVE STACK — 
3 x (10) 


ADDRESS 


INSTRUCTION 
ROM 
dk x (8) 


SERIAL I/O 


DECODE i 


NOT ON 411L 


INTERRUPT 


Notes: : 
1. ROMless 402 and 404 are available for development and low-volum 
production, as well as piggyback CPUs that carry standard EPROMs. 
2. Some COP400 models and peripherals are configured with National 
Microbus serial 1/O for easy exchange of data with low pin count. 

3. CMOS chips have optional multi-input wake-up feature, improved 
timer, including interrupt-on-overflow; designed for increased ESD and 
latch-up margin. 

4. 24- and 28-pin surface-mount packaging available for space-sensitive 
applications such as consumer goods. 


COP400 FAMILY (CMOS MEMBERS) 


PART 
NUMBER 


COP413C 


COP413CH 16 | NO 
copsioc | 05k 19 | NO 

copatic | 05k 16 | NO NO | 20 
COP424C 64 1 SOURCE |3LEVEL| Yes | 28 | PMP 
COP425C 64 O |3LEVEL| YES | 24 | PMP 


COP445C 


NOTE: PMP IS POST-METAL PROGRAMMING. 


HARDWARE 


Mole (microcomputer on-line emulator) consists of two hardware com- 
ponents and software for a host computer. The two hardware compo- 
nents are a general-purpose Brain board common to all National 
microcontroller ~Cs and a personality board specific to the particular 
National .C being supported (which plugs into the Brain board). COP 
is supported by one of the personality boards. 

The general-purpose Brain board works in conjunction with a terminal 
or host computer such as the IBM PC. With the personality board 
plugged in, it provides platform for both hardware and software devel- 
opment. Application hot line: (408) 721-5582. 
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CHARACTERISTICS 


SUPPORT 


4-BIT NMOS AND CMOS . 


National Semiconductor Corp 

2900 Semiconductor Dr, MS 16-174 
Santa Clara, CA 95051 

Phone (408) 721-5000 


Status: Dataquest figures show COP continues to hold 2nd place in 
the mostly Asian-dominated 4-bit ~C market. COP had 14%% of 4-bit 
market vs NEC’s 1st-place 75XX, which had 16%. Total COPS unit 
shipments were 374M units; 31M were from prime source National. 
Note that National’s COP800 (next directory entry) is similar to COP400 
in name only; it has a different architecture and instruction set. 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

Binary arithmetic (add and subtract) with BCD handled by add immedi- 
ate of correction. Only logical is exclusive-OR. Can test individual bits 
in RAM 
ilI—DATA-MOVEMENT INSTRUCTIONS 

Direct and indirect movements between data RAM and accumulator. 
Like some other 4-bit, 1-chip Cs, makes use of clever built-in exclu- 
sive-OR in instruction to flip back and forth between nibbles of data 
strings 

Combination instructions permit indexing forward and backward 
through data RAM 

Move 8-bit pattern from instruction ROM to Q output register, also 
8-bit table look-up on input 

Can set up operating modes on serial |/O with software, turning it into 
counter if desired 

\/O instructions to individually serve unique |/O ports 
lli—PROGRAM-MANIPULATION INSTR 

Jump and jump indirect 

Jump and return from subroutine (three levels of return stack; two for 
410L) 

Skip-type conditional test instructions 

Vectored hardware interrupt 

IV—PROGRAM-STATUS-MANIP INSTR 

Set and carry bit, and interrupt enable (there’s a special means for 
saving Carry status upon interrupts) 

V—POWER-SAVING INSTRUCTIONS 

Halt instruction disconnects internal circuitry from clock, which lowers 
power consumption to few wA. Because chip is static CMOS, all regis- 
ters retain data, and upon Reset, will restart from where left off. 
Specification summary: Single-chip C with split-memory architec- 
ture; 8-bit-wide instruction side (1k for 420 part) and 4-bit-wide data 
side (64 for 420 part). Considerable on-chip I/O despite small package 
size (28 pins for 420) including clocked serial/event-counter port. Family 
includes 30 devices with different memory and 1/O options and fabri- 
cated in several device technologies, including basic metal-gate NMOS 
and CMOS. Power for CMOS will vary from 3 mA at 14-ysec cycle to 
120 pA at 64-ysec cycle (using 32-kHz watch crystal) and 2.4V supply. 
“Asleep” drain will be 6 wA max. Extended-temperature-range devices 
available, as well as extended- voltage-range devices. 


COP400 FAMILY (NMOS MEMBERS) 


MEMORY 


TIMER 

PART ROM RAM | I/O BASE SIZE 
NUMBER |(BYTES) |(DIGITS) |PINS | INTERRUPT | STACK |COUNTER|(PINS)| OTHER 
COP410L | 0.5k 32 19 NO 2:LEVEL NO 24 
COP41iL 0.5k 32 16 NO 2 LEVEL NO 20 
COP413L | 05k 32 16 NO 2 LEVEL NO 20 PMP 
COP414L | 05k 32 16 NO 2 LEVEL NO 20 PMP 
COP420 1.0k 64 23 | 1 SOURCE |3 LEVEL YES 28 |MICROBUS 
COP421 1.0k 64 20 NO 3 LEVEL YES 24 
COP422 1.0k 64 16 NO 3 LEVEL YES 20 
COP420L | 1.0k 64 23 | 1 SOURCE |3 LEVEL YES 28 PMP 
COP421L | 1.0k 64 20 NO 3 LEVEL YES 24 PMP 
COP422L | _ 1.0k 64 16 NO 3 LEVEL YES 20 PMP 
COP440 2.0k 160 36 |4 SOURCES /|4 LEVEL YES 40 |MICROBUS 
COP441 2.0k 160 23 |4 SOURCES |4 LEVEL YES 28 |MICROBUS 
COP442 2.0k 160 19 }2 SOURCES |4 LEVEL YES 24° 
COP444L |} 2.0k 160 23 | 1 SOURCE |3 LEVEL YES 28 
COP445L | 2.0k 160 20 NO 3 LEVEL} YES 24 


NOTE: PMP IS POST-METAL PROGRAMMING. 


Mole software is intended for user’s host computer and is written for 
MS-DOS and CP/M. Includes COP cross-assemblers. 


SOFTWARE See 
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COP8s00 


AVAILABILITY: Now. 

COST: $2 to $5 for standard parts, 10k qty. 

SECOND SOURCE: Sierra Semiconductor. 

CORE: Sierra is using COP800 core for custom designs for portable 
medical monitors and home security, etc. Successful silicon has been 
achieved, Sierra says. Expect the standard cells to appear in National’s 
ASIC library, too. 


Description: 8-bit CMOS 1-chip family in which a purposely simple 
core uP is surrounded by varying amounts of memory, peripheral func- 
tions, and 1/O. Some 20 parts exist or are in the works and many more 
are forecast for future. Initial core has provision for addressing 32k-byte 
program memory and 256-byte data memory, but that can be expanded 
in future. The program and data memory are treated separately so, like 
the 4-bit COP400, the COP800 has a Harvard architecture. Otherwise 
it seems more similar to Von Neumann common-memory machines 
such as Motorola’s 6805 or National’s 16-bit 1-chip device, the HPC. 


HARDWARE 


0 <————PROGRAM i 


HALT PROGRAM COUNTER (15) 


DATA SIDE 


INSTRUCTION 
DECODER 


TIMER/COUNTER 
16 BITS AITH AUTO- 
LOAD & CAPTURE 


INTERRUPT 


COP800 FAMILY 


MEMORY : TIMER 
PART ROM RAM | I/O BASE SIZE 

NUMBER | (BYTES) |(DIGITS) | PINS | INTERRUPT | STACK | COUNTER | (PINS) OTHER 
COP820C 1.0k 64 24 | 3 SOURCES |IN RAM 1 28 

COP821C 1.0k 64 20 | 3 SOURCES |IN RAM 1 24 
COP822C 1.0k 64 16 | 3 SOURCES |IN RAM 1 20 
COP8720C | 10k" 64 24 | 3 SOURCES |IN RAM 28 |EEPROM IN ROM 
COP8721C | 1.0k* 64 20 | 3 SOURCES |IN RAM 24 |EEPROM IN ROM 
COP8722C | 1.0k* 64 16 | 3 SOURCES |IN RAM 20 |EEPROM IN ROM 
COP840C 2.0k 128 24 | 3 SOURCES |IN RAM 
COP841C 2.0k 128 20 | 3 SOURCES |IN RAM 
COP888CF | 4.0k 128 =| 33/37 | 10 SOURCES | IN RAM 


28 
24 
2 40/44 |2 PWM TIMERS & 
A/D CONVERTERS 
33/39 | 14 SOURCES | IN RAM 3 40/44 |}3 PWM TIMERS & 
UART 
128 | 33/39 | 10 SOURCES | IN RAM 2 40/44 |}2 PWMTIMERS, A/D 
CONVERTERS, & 
UART 


COP888CG} 4.0k 192 


COP888CK | 4.0k 


*EEPROM 


HARDWARE 


Supported on National Mole (microcomputer on-line emulator), which 
consists of Brain mother board and COP800 personality board. Mole 
can be used in conjunction with IBM PC as host. 


CHARACTERISTICS 


SUPPORT 


8-BIT CMOS 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 

Phone (408) 721-5000 


Status: Having gained one of the leadership positions in the 4-bit 
microcontroller field with its COP400, and having gotten 16-bit micro- 
controllers off to a start with its HPC 16040, National has introduced 
this 8-bit controller to fill gap in between. The architecture of the core 
uP seems quite simple—a bit like the Motorola 6508. National explains 
that it purposely kept the core simple and straightforward to leave room 
for lots of memory, peripheral functions, and 1/O. National considers 
the family as its entry into ASICs. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, add with carry, subtract and carry 

Logicals include rotates, shift compares and conditionals 

Decimal correct 

Increment and decrement 

Bit manipulation: set, reset, and test individual bits in data memory, 
which includes those in data registers and |/O ports 
li—DATA-MOVEMENT INSTRUCTIONS 

Load and exchange instructions with optional automatic post increment 
or decrement of the associated pointer. Most allow the use of either 
the B or X pointer. Decrement register and skip if zero 
lll—PROGRAM-MANIPULATION INSTR 

Jump instructions: relative, absolute, absolute long, indirect 
Subroutine, subroutine long, return and skip (subroutine levels are lim- 
ited only by the amount of available RAM) 

Push and pop 

IV—PROGRAM-STATUS-MANIP INSTR 

ALU-driven decision bits in status register (PSW) appear limited to carry 
and half-carry flags. These, as well as interrupt control bits for various 
on- and off-chip interrupt sources, can be set and reset 
V—POWER-SAVING INSTRUCTIONS 

Halt mode, entered by setting data bit and exited by resetting bit 
Note: 

1. Program-branch decisions are implemented in skip-the-next- 
instruction manner. 


Specification summary: 8-bit Harvard (split-memory) architecture 
w.C in CMOS. 15-bit program counter (PC) can address 32-byte program 
memory, which can include data and data tables. Initial on-chip memory 
selections will be 1k, 2k, and 4k bytes. 8-bit data-address register can 
address 256-byte data. All data, control, and 1/O registers are mapped 
into data-side memory space. Two bidirectional 8-bit and two unidirec- 
tional 4-bit 1/O ports max. Each I/O pin has software-selectable options 
to adapt the chip to specific applications. Part may be operated in 
ROMless mode to provide for emulation and for applications requiring 
external program memory, in which case external memory is accessed 
serially via the two 4-bit ports. On-chip peripheral functions include 
software-selectable use assignment of as many as 39 I/O pins, 3-wire 
serial 1/O, 16-bit timer/counter with capture register and auto reload, 
and a multisource (8) interrupt. Each part has an EEPROM equivalent 
planned for full “‘form-fit’’ function emulation. Maximum speed is 1-;:sec 
instruction cycle (most instructions take one cycle), and because part — 
is static CMOS, it will run down to dc and won't lose data in memory. 
Clock for 1-ysec cycle is 20 MHz (10 MHz for COP888). Fabricated in 
double-metal 2-.m (1% 4m on way) silicon-gate CMOS. Operates over 
2.5 to 6V range and draws 9 mA running full speed at 1-ysec cycles, 
but less than 1 4A when halted. Enclosed in 20-, 24-, 28-, and 40-pin 
DIPs and surface-mount packages. MIL-spec versions are planned. 


Notes: 

1. Diagram shows basic COP800 family architecture. Over 10 basic 
parts planned for the family. Each has an emulator part created by 
replacing standard masked-ROM with EEPROM. 

2. The basic core, including CPU and some peripherals, is only 66 mils 
per side (4330 mils sq area), thus only taking up “oth of reasonable- 
sized chip (200 mils per side or 40k sq mils area) and leaving adequate 
room for not only basic memory and I/O but also for UARTs, A/D 
converters, additional timers, LCD display drivers, and custom features 
for specific applications. Sierra says cost of ASIC design can be as low 
as $40k up front (16 weeks’ time), meaning it can be cost competitive 
for 100k quantities. 


SOFTWARE 


Cross-assembler for IBM PC and other computers. 
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INTRODUCING LOCKETTE® FROM CARLINGSWITCH 


Re-key 1n Four Seco 
Without Rewiring. 


Simply remove the interchangeable Lockette of equipment to make the change. See for your- 


lock core and replace. No need to remove self. Send us your specs. We'll send you a switch. 
and rewire the entire keyswitch. No need For a complete descriptive brochure, call or 
for an electrician or locksmith. With the write Carlingswitch, Inc., 60 Johnson Ave., 
Carlingswitch Lockette you can key every Plainville, CT 06062-1156. ‘Tel: (203) 793-9281; 
piece of equipment the same or vary them FAX: (203) 793-9231. To contact your nearest 


according to your security requirements. It Carlingswitch representative or authorized 
still only takes about four seconds per piece distributor, call toll free: 1-800-243-8556. 


Gee RiIN INNOVATION BY DESIGN 
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A National 
Semiconductor 


ROSE PASS: Cea: 


rer qeenereeeree 


Now you dont have to choose 
between how fast you can go and 
~ how much you can carry. 


OUR NEW 256-KBIT 
BiCMOS ECL SRAM GIVES 
YOU BOTH HIGH SPEED 

AND HIGH DENSITY 


Finally, you can go all out for 


system performance without 
being forced to use low-density 
SRAMs. This new device has an | 
access time of only 15 nano- 
seconds. Yet it has the storage 
capacity of four 64-kbit ECL chips 
in one-fourth the space. 

Its modest power consump- 
tion makes air cooling not only 
possible but practical. It draws a 
maximum of 200 milliamps at 15 
nanoseconds. Longer cycle times 
drop the current down to 
about 120 milliamps. 

In worst-case test- 
ing, power dis- 
Sipation stays 
| below a single 
* watt. In typical 
applications, it’s 
F only 600 to 700 
milliwatts. 


IS THE KEY 


ossible is National’s 
proprietary BiCMOS III 
One-micron process, 
© which combines the speed 
of pure bipolar with the high 
density, low power, and manu- 
facturability of CMOS. 

It gives you the best ratio of 


© 1988 National Semiconductor Corp. 
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BiCMOS III 


What makes it all 


NATIONAL MEMORIES 


Volatile 
ECL SRAMs 
CMOS SRAMs 


Non-Volatile 
EPROMs 
EEPROMs 
PROMs 


speed, power and cost per bit. 

And we designed reliability 
into the process from the begin- 
ning. In fact, one-third of the 
development team had reliability 
as their sole responsibility. 

The pay-off is a life test failure 
rate less than 50 FIT with more 
than 400,000 device hours. And a 
soft error rate less than 100 FIT: 
What's more, latch-up immunity 


is more than 200 mA. And ESD pro- 


tection is greater than 2,000 volts. 


_ IT GIVES YOU THE 
PERFORMANCE YOU WANT 


Because of its stable memory 
cell, the 256-kbit SRAM tolerates 
skewed address signals without 
disturbed bits. 

Customers—like Cray Research 
—also report low system noise 
and cleaner, quieter, faster signals. 
This high noise immunity is due 
to on-chip decoupling and 
minimal di /dt. 

And because of the chip’s 10-ns 
write pulse with zero setup and 
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hold, it’s easy to design-in in a 
15-ns write cycle. 

Our ECL SRAMs are input/ 
output compatible with existing 
10K and 100K ECL parts. Industry- 
standard pin-outs enable multiple 
sourcing. 


AND YOU GET 
MORE MODELS TO 
CHOOSE FROM 


In addition to our high-per- 
formance SRAMs, we're working 
ona family of specialty ECL 
RAMs and ECL RAMs in advanced 
packaging. 

We also offer you the broadest 
array of memory product families 
of any domestic supplier— 
including TTL SRAMs, EPROMs, 
EEPROMs, and fuse-link PROMS. 

This breadth of product line 
helps you minimize the number 
of suppliers you use. While 
National’s large-volume manu- 
facturing ensures availability. 


CALL FOR OUR 
NEW BROCHURE 


For more information on our 
new 256-kbit SRAM—or any other 
memory product—ask for a copy 
of our new memories brochure. 
Call us toll-free at (800) 252-4488, 
ext 735. 


National 
Semiconductor 
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ARE YOU USING... 


e Mentor Graphics’ IDEA Series™? Meta’s Mentor 
Server version of HSPICE interfaces directly into the 
“IDEA MSPICE environment. 


e IBM VM/CMS? Met 
graphics post-process 


eds, in 


et 


@ VIEWlogic® Workvi 
engineer's total workday n 
using HSPICE. 


@ HSPICE accepts a standard SPICE netli 
most electronic design tools. 


e@ Interfaces currently under development include the IBM Circuit Board 
Design System (CBDS), mixed-mode analog/digital simulation and more. 


NO MATTER HOW COMPLEX THE PROBLEM, 


META OFFERS THE CIRCUIT SIMULATION SOLUTION! 


Software evaluations are available at no charge. For detailed information on Meta-Software 
products, please contact us! 


META-SOF T WARE 


Meta-Software, Inc. e 50 Curtner Avenue, Suite 16 e Campbell, CA 95008 
Phone (408) 371-5100 @ FAX (408) 371-5638 e TLX 910-350-4928 
Toll Free (800) 346-5953 
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PIC1600 FAMILY 


AVAILABILITY: Now. 

COST: Projected at less than $2 to $5 in 25k qty, depending on speed 
and temperature specs and size of EPROM. 

SECOND SOURCE: None. 


Description: Family of small 1-chip static CMOS Cs that will use 
EPROM technology for both low- and high-volume production. Supplier 
Says efficient 12-bit instruction word allows use of small EPROMs. 
Compact architecture also allows small die (100 x 105 mils for smallest 
part). 


HARDWARE 


+ PROGRAM SIDE 


+ DATA SIDE —________> 


a 
|__| PUSHOOWN STACK | 


GROUNDED IN 
NORMAL 
OPERATION 


(GENERAL 
ADDRESSING 


50 kHz TO 1 MHz 
FOR 1650 & 1655 
1650XT.1654 
1655XT.1670 

(0.8 TO 4 MHz FOR 
1656 CRYSTAL OSC) 


aes ty status 
Sg eae 


PORT C 


Raz 
a8 
See 


(REAL-TIME 
CLOCK INPUT) 


Vix 
(OPTIONAL 
+ 10V FOR 1/0) 


vO FOR 
PIC1650 A 
1650XT 


{ 


PORTA 


PORT D 


0 FOR 
PIC 1655 A PIC 1656 
AND PIC1655XT 


IT 


IN OuT IN/OUT 


Notes: 

1. Diagram applies to original NMOS 1655A. See table for new CMOS 
parts. 

2. 12-bit-wide instruction word allows all instructions to be single word, 
which produces compact code; supplier claims benchmarks show al- 
most double the code efficiency of 8-bit instruction word. 

3. All current devices are silicon-gate CMOS with 8-bit real-time clock 
counter, watchdog timer, and 2-level PC-save stack for subroutine nest- 
ing. No interrupts. 

4. Security EPROM fuse for user’s code protection. 


PART (BITS) 1/0 PINS 


20 


512x12 32x8 


PACKAGE PINS 


28 


HARDWARE 


Supplier will resell a new PC-based development system that Audix 
(Bohemia, NY, (516) 737-5600) is readying for both the PIC and the TI 
320 DSP that Microchip second sources. This development system 
will have user-friendly features such as extensive use of Microsoft 
Windows. Its price has been targeted at $3500 to $5000. It is scheduled 
for introduction later in ’88. 
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CHARACTERISTICS ———_— 


SUPPORT 


8-BIT CMOS 


Microchip Technology Inc 
2355 W Chandler Bivd 
Chandler, AZ 85224 
Phone (602) 345-3287 


Status: It had begun to look like the 14-year-old PIC »P was nearing 
the end of its life—demand for existing NMOS parts had dropped to 
2% of 8-bit ~C market (4.6M units), according to Dataquest. But now 
the supplier—the successor to General Instrument—is bringing out its 
updated silicon-gate CMOS versions, and has added the twist of offer- 
ing EPROMs for both low-volume production (in windowed packages) 
and high-volume production (windowless plastic packages). Supplier 
hopes to use its existing ability of mass-producing stand-alone 
EPROMs to offer users fast turnaround and prices competitive with 
masked-ROMs, even at high volumes. 


SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Add and subtract 

Logicals 

Rotate right and left, decimal adjust 

Swap halves 

Bit set and clear 

li—DATA-MOVEMENT INSTRUCTIONS 

All RAM (general- and special-purpose registers) accessible by direct 
or indirect addressing 

Page addressing 

Move file 

llli—PROGRAM-MANIPULATION INSTR 

Skip if zero (for comparisons and bit tests) 

Move literal to W 

Call subroutine 

Go to routine 

iV—PROGRAM-STATUS-MANIP INSTR 

Can bit test on status-register carry, decimal carry, and zero 
V—POWER-SAVING AND CONTROL INSTRUCTIONS 
Sleep stops oscillator. CLRWDT clears watchdog timer. Tris instructs 
3-state ports. Option loads option register. 


Specification summary: Split-memory Harvard architecture with 12- 
bit-wide program EPROM and 8-bit-wide data registers (RAM). See 
table for EPROM and RAM sizes. Not expandable in memory because 
intended for self-contained, stand-alone applications. Instructions exe- 
cuted from dc to 200 nsec (20-MHz clock). Devices are fabricated in 
silicon-gate CMOS. Power consumption ranges from less than 1 pA 
with clock stopped to 30 mA at 20 MHz. In 18- and 28-pin DIPs and 
surface mount. 


SOFTWARE 


Software will be bundled with the new Audix hardware development 
system. (Actually because the instruction set has not changed—just 6 
added instructions—considerable software has existed for some time, 
including many application programs, such as for motor control.) 
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8048 FAMILY 


AVAILABILITY: Now. 

COST: Masked-ROM parts less than $2 in high volume (100k qty). 
EPROM parts cost $18 in 100 qty. CMOS parts cost as low as $3 in 
100k qty. Windowless-PROM parts cost $8 in 5k qty. 

SECOND SOURCE: Toshiba, NEC, Signetics/Philips, National, Oki, 
Siemens, Fujitsu, GE-Intersil, UMC (Taiwan), with volume being spread 
out among suppliers. 

CORE: Zymos has been using 80C49 as core for semicustom for a 
number of years. Others are following as 8048/49 combines widespread 
popularity with reasonably small core size. 


Description: Broad family of 1-chip controller-type Cs, including 
version that can function as slave (8041). Basic models don’t have 
serial communication ports (some versions from Philips do), but they 
can use 8080/85 peripherals for 1/O expansion. See 8051 listing for 
enhanced version. 


HARDWARE 


PROGRAM SIDE 


| Soo ATA SIDES et 


MEMORY BIT 


[Jen CO 
@. 


ROM 
(EPROM ON 8748) 
1kx8 


BANK 0 

ae 
BANKS ARE SOFTWARE SELECTED 
TO BE ACTIVE ONE AT A TIME FIRST 


TWO REGISTERS IN EACH BANK ARE 
MEMORY POINTER: 


EG 
ERS 
ACC (8) 


yee 


INSTRUCTION REG 


CLOCK 
co 6-11 
MHz 


CHIP CONTROL 


( VSP CONTROL BUS 


CONTROLS 
FOR EXT BUS 


Notes: 

1. Diagram is for basic 8048. Table indicates some of other basic parts, 
most of which exist in both NMOS and CMOS. 

2. CMOS parts are designated 80C48, 80C49, 80C50, etc. 

3. There are many other variations on basic 8048 among the many 
suppliers. For example, Intel’s 8041/42 chips are software compatible 
but can be configured as slaves to host Ps for interface applications. 
The National NS 405/455 uses the 8048 core as basis of a terminal 
controller. Siemens has telecomm-oriented 80C382/482. A number of 
semicustom houses use the 8048 as a core processor in their libraries. 


MEMORY (BYTES) 


PACKAGE PINS 


*ALSO AVAILABLE IN 44-LEAD PLCC PACKAGE. 


HARDWARE 


From intel: Intel now plays down 8048 support, saying that there are 
now numerous third-party OEM suppliers of PC-hosted emulators for 
the 8048 family. 

From NEC: Ekakit 84C-1 stand-alone emulator (less than $2000). 


CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


Status: Intel is still bullish about its 8048, saying total family shipments 
were reported to be 70 million in 87. However, we note that Intel chose 
the 8051 over the 8048 as the kick-off core for ASIC, and Intel says it 
has no definite plans to ever use the 8048 as an ASIC core. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 
Arithmetic and logic 

Bit set and reset 

Two working banks of 8-bit registers 
llI—DATA-MOVEMENT INSTRUCTIONS 

Both internal and external RAM are fully accessible by instruction set. 
Indirect and direct data fetches 
lli—-PROGRAM-MANIPULATION INSTR 

Decrement and skip if zero 

Over 20 conditional branches 

8-level stack with expansion capability 

Two vectored interrupts 

Two programmable flag bits under software control 
IV—PROGRAM-STATUS-MANIP INSTR 

Status word is fully accessible and is stored in the stack 


Note: Described are the 90 basic instructions for the 8048/8748. 


- Specification summary: Split-memory architecture with 1k to 4k 


bytes of program ROM (or EPROM) on chip and 64 to 256 bytes in 
separate space, also on chip. I/O has its own space and instructions 
to operate directly on I/O ports. All spaces are expandable: program 
memory to 4k bytes, data memory to 256 bytes, I/O to unlimited 
amounts. I/O can use 8080/85 peripherals. Devices have 8-level stack 
for subroutine nesting and interrupt response. Dual banks of working 
registers allow rapid context switching. Family members execute their 
1- and 2-cycle instructions at 1-cycle times ranging from 1.36 to 15 
usec. NMOS 5V technology in 40-pin DIP and 44-pad chip carriers; 
UV-erasable ROMs (EPROMs) and windowless PROM parts are avail- 
able. CMOS versions available with idle and power-down features and 
optional flatpack packages. 


SOFTWARE 


From Intel: ASM-48 package with linker to run on Intel microcomputer 
development systems running ISIS operating system ($1500 for 8-copy 
license). 

From others: Because of the broad-based popularity of this family, 
dozens of independent sources of development and application soft- 
ware exist, including support on universal development systems from 
Tektronix, Applied Microsystems, etc. 

Program library: Insite Library contains variety of application pro- 
grams. 


EDN October 27, 1988 


It this is how you see 


LEDs, the ad is over. 


The popular myth goes something like this: “An LED, is an LED, is an LED.” Or: “If 
you ve seen one, you've seen them all.” And of course: “LEDs? They're commodity products.” 

Notions we at Dialight, steadfastly reject. And once you're familiar with our products, 
you Il know why. 

Take our Circuit Board Indicators. Single or multiple discretes aligned in a sturdy 
plastic housing, complete with their own current limiting resistor. The entire assembly 
polarity-keyed to guarantee correct insertion. 

Each unit is 100% tested—ready to insert for wave soldering. No leads to bend, trim, or 
break. No time wasted fumbling with discretes. 

Dialight pioneered the concept more than fifteen years ago to satisfy the OEM need for 
fast and reliable circuit board installation of LEDs. And we’ve been 

perfecting it ever since. Developing hundreds of standard and custom 
designs. A heritage of technological advance you can see in our new 
super- bright gallium aluminum arsenide units. 

All meticulously engineered with the understanding 
that the failure of a “jelly bean product” can cost thousands 
in end-user downtime, and who-knows-what in 
customer loyalty. 

The same understanding might bring you 
to call 201-223-9400, or write Dialight Company, 
1913 Atlantic Ave., Manasquan, NJ 08736, 
and ask for our catalog or a product sample. 
At the very least, its brought you to the real 
end of our ad. 
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When it comes to MIL-STD-1553, 
Micro-Rel is fast on its feet. We 
know that on-time product deli- 
very is a promise rarely met. So 
we guarantee delivery to meet 
your schedule. How does Micro-Rel do it? 
We're vertically integrated, so each step of the 
“1553” component cycle is reduced. From 
design, to manufacturing, to final product—it 
all takes place under one roof—our own. 


Power dissipation can be a 
problem in MIL-STD 1553 perfor- 
mance. Not with Micro-Rel’s line. 
Our advanced technology allows 
us to make “1553” products that 
use less power. So you'll need less beefy 
power supplies and less elaborate heat sinking. 
The bottom line? Micro-Rel products operate 
cooler and live longer. 


Micro-Rel’s “1553” testing proce- 
dures make field conditions a 
snap. We can handle the tough- 
est product specifications be- 
cause we learned our lessons in 
the most critical application known to man...the 
human body. As one of the world’s largest 
manufacturers of medical electronics, we're 
used to exceeding rigid standards, not just 
meeting them. 


If you're tired of waiting and waiting for your 
“4553” components...tired of bad thermal management...and you're ready for 
superior performance, contact Micro-Rel. We’re fast, cool and tough. 


M7 L-S°(VO-1355 


\ A = 2343 West 10th Place 
wi Micro-Rel Tempe, AZ 85281 
TEL: 602-968-641 1 
TWX: 910-950-1941 


FAX: 602-968-9691 
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8051/8052 FAMILY 


AVAILABILITY: Now for 8051, 80C51, 8031, 80C31, 8751, 87C51, 
8032, and 8052, as well as special versions from second sources (see 
notes). Many other versions such as 80C451 and 83C451 available 
from Intel. 

COST: $4.50 in 100k qty for 8051; $32 in 1k qty for 8751; $6.50 in 100 
qty for 80C51; $5.35 in 100k qty for 8052; $44 for 87C51: $70 for 
EEPROM UPI-452 slave version, 1k qty.) 

SECOND SOURCE: Siemens, Signetics/Philips, AMD, Fujitsu, Oki, 
and Harris-Matra (France) licensed. 

CORE: Intel's ASIC Components Group is using the 8051 as its starting 
P core. RCA and Fujitsu also using it as an ASIC core. 


Description: Expandable single-chip ‘‘controller,’’ an enhanced ver- 
sion of the same supplier’s widely used 8048 family. Architecturally, it 
features the more ‘‘regular” nonpaged form of addressing for easier 
programming, more interrupts with extra RAM register banks to service 
them, increased stack depth, and new instructions such as multiply, 
divide, and compare. In peripheral support, it adds a full-duplex hard- 
ware UART and enlarged timer/counter capability. 


HARDWARE 
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Specification summary: Expandable 1-chip C. Split-memory archi- 
tecture has 4k- to 8k-byte ROM on chip and 128 to 256 bytes of RAM 
on chip. Memories each expandable externally to 128k bytes. Four 
8-bit ports on chip, but only one of these remains a port when all 
off-chip expansions and on-chip special functions are used. Special 
functions included on chip are full-duplex hardware UART (to 500k 
baud), two or three 16-bit timer/counters, and interrupt system to serv- 
ice these internal functions along with two external interrupts with 3-to 
7-psec latency. Instructions are a superset of the 8048s, with paged 
addressing eliminated. At 12-MHz clock, most instructions take 1 sec; 
multiply or divide requires 4 psec. Supplier's high-density HMOS sili- 
con-gate n-channel technology used to achieve small die size and good 
speed. Packaged in 40-pin DIP and 44-pad chip carriers. 8051 is also 
available in CMOS (80C51) with 12- or 16-MHz performance and idle/ 
power-down modes. 


HARDWARE 


From Intel: ICE-5100/252 in-circuit emulator ($5495) supports the en- 
tire MCS-51 family including 8051, 8052, and 80C52. Comes with mac- 
roassembler and editor. The emulator is hosted on an IBM PC AT/XT 
running DOS 3.1 or later, as well as Intellec Series III/IV development 
systems. ICE-51 in-circuit emulator ($4995) hosted on Series III/IV In- 
tellec supports 8051 at 12 MHz. 

SDK-51 System Design Kit ($950) is a single-board computer for low- 
cost development of 8051 applications. 

From Siemens: Meta-ICE-80515 in-circuit emulator for 80515, hosted 
on IBM PC. 


EDN October 27, 1988 


CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


Status: Generally thought of as the leader among the newer, more 
powerful 8-bit 1-chip Cs. It faces stiff competition from both high-end 
8-bit Cs, such as Mitsubishi’s 50740 version of the 6500/1, Motorola’s 
68HC11, NEC’s 7811, Hitachi's 647180, and National’s COP800, as 
well as from the new 16-bit Cs, such as Intel’s own 8096 and National’s 
16040. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including add, subtract, multiply, and divide 

Bit manipulation, including complex tests on bits (and branching on 
results) 

li—DATA-MOVEMENT INSTRUCTIONS 

Register addressing for the eight working registers in the four register 
banks 

Direct, immediate, and indirect data addressing for more general data 
accessing 

Table look-up in ROM via data pointer 
lli—PROGRAM-MANIPULATION INSTR 

Depth of subroutining limited only by available space in 128-or 256-byte 
on-chip RAM 

Conditional jumps on status-register flags 

Conditional jumps on comparisons 

Vectored interrupts to service two external interrupts, timers, and UART 
iV—PROGRAM-STATUS-MANIP INSTR 

CPU’s program-status word fully accessible via software. Status bits 
in timer and UART also software accessible 


Notes: 

1. The 14 members of the 8051 family have between 128 and 256 bytes 
of RAM and differ mainly in their amount and form of on-chip ROM. 
The 8051 and 80C51 incorporate 4k bytes of masked ROM. The 8751 
and 87C51 have 4k bytes of EPROM. The 83C51FA has 8k bytes of 
masked ROM and a programmable counter array (PCA). The 87C51FA 
has 8k bytes of EPROM and a PCA. The 8031, 80C31, and 80C51FA 
have no on-chip ROM. (Hence, because it must use ports to access 
external memory, only port 1 is available for |/O.) The 8052 has 8k bytes 
of masked ROM. The 8032 has no on-chip ROM. The 8052 and 8032 
have 256 bytes of on-chip RAM. 

2. The 8051’s so-called Boolean-processor capabilities refer to the 
way instructions can single out bits in RAM, accumulators, I/O registers, 
etc, and perform complex bit tests and comparisons, then execute 
relative jumps based on results. 

3. The slave version of the 80C51, the UPi-452, is counterpart of UPI-42 
(8041/42) for 8048 family. It is intended for software-customizable inter- 
faces. 

4. Intel has one model of 8052 preprogrammed with a full Basic inter- 
preter. 

5. Siemens has developed proprietary enhancements called 80515/535. 
They feature 16k ROM, with additional I/O ports, 15-ysec 8-bit A/D 
with eight input channels, 12 interrupts with four programmable priority 
levels. They are 12-MHz (1-wsec cycle) NMOS, packaged in TAB (Mi- 
cropack). 


SOFTWARE 


From Intel: ASM-51 and PL/M-51, both containing a relocation and 
linkage utility, are available for the IBM PC and Intel microcomputer 
development systems. 

From others: A number of third-party software suppliers have devel- 
oped C compilers for 8051 that have special features suited to micro- 
controller applications. Among these are Micro Computer Control 
(Hopewell, NJ) for $1495 and Archemides Software (San Francisco, 
CA) for $851. Both are hosted on IBM PC. 
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6804/6805 


AVAILABILITY: Now for most models. 

COST: $0.49 to $40. The $0.49 is 1M qty of 6804J1 (500k minimum 
order). CMOS parts remain more expensive than NMOS. 

SECOND SOURCE: Hitachi, RCA, and Thomson; RCA for CMOS 
parts only. 

CORE: Motorola and NCR have joint ASIC pact that will use CMOS 
6805 as core along with NCR’s similar 6502 »P core. (SGS has S6 
core, which has somewhat similar architecture to 6804.) 


Description: Family of 1-chip ~Cs based loosely on 6800 architecture, 
but in some ways more like 6502 (especially 6805). Family offers various 
amounts of |/O, RAM, and ROM. Internal bus frequencies span dc to 
2 MHz. Some parts contain on chip an A/D converter, EEPROM, serial 
|/O, and software security. The 6804s are meant for lowest-end applica- 
tions. They use some serial data paths internally to reduce chip sizes. 
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Hardware Notes: 


1. Diagram is for nonexpandable Model P2 in 28-pin package. 

2. Comparison of 6805 with 6800: Stack pointer has only five working 
bits, so stack is only 32 bytes deep. Only one accumulator. Index 
register only 8 bits wide, so it can only span 256 memory locations. 
Program counter only 11 bits (adequate for P2’s 2k-byte RAM+ROM 
memory space). Only one external interrupt. 

3. Note additional 116 bytes in ROM for built-in self-check program 
that tests 1/0, ROM pattern, RAM, and interrupts. Program is initiated 
by special pin. 

4. RCA has emulator versions (68EM05/C4,D2) for prototyping and 
low-volume production. These are ROMless devices with all ROM ac- 
cess buses brought out for direct interfacing to industry-standard 
EPROMs. Come in 40-pin piggyback (for 2764). 


HARDWARE 


From Motorola: HDS-200 hardware/software development station; 
operates stand-alone or interfaced to virtually any host with an RS-232C 
line (including Motorola’s Exor-trademarked stations). The less-costly 
68705EVM (HMOS) or 1468705EVM (CMOS) boards, which have ports 
to a terminal and host computer, provide target-system emulation. 
From RCA: Single-board evaluation kit that will interface to IBM PC 
via RS-232C. 

From others: A number of third-party companies provide hardware 
emulators for the 6805 family: Sophia Systems (Santa Clara, CA), Ameri- 
can Automation (Tustin, CA), etc. Most of these interface to IBM PCs. 


CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 
6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 


Status: Supplier's steady commitment to this family over past 10 years 
has apparently paid off. It trails only the 8048/49 family (which has 20% 
of 8-bit-1.C market) and the 50740 (which has 16%). RCA is concentrat- 
ing its efforts on the CMOS side of family and is bringing out its own 
enhancements. Motorola continues to expand the 6805 family; it plans 
to add at least five 6805-derivative parts in 1988. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

All 6800 arithmetic, logic, and shift instructions. Bit set, clear, and 
branch on bit test (bit tests can be made quite generally on all |/O and 
memory bits). 68HCO5 has 8 x 8 multiply 

ll—DATA-MOVEMENT INSTRUCTIONS 

Relative addressing allows data relocation 

True indexing within the 256-location limits of 8-bit index 
lli—PROGRAM-MANIPULATION INSTR 

18 conditional branches, including branch of interrupt line test 

Mostly the same conditional branches of the 6800, but with more em- 
phasis on branch upon bit and interrupt tests 

Only 15 levels of subroutine nesting, including interrupt returns; 31 
levels on certain new parts 

Four sources of interrupts: external, timer, software, and reset. 68HC05 
has vectored interrupts to service its serial communication and periph- 
eral interfaces 

IV—PROGRAM-STATUS-MANIP INSTR 

Instructions for manipulating bits in status register (and in timer) 
V—POWER-SAVING INSTRUCTIONS 

CMOS 6804s and 6805s have Stop and Wait instructions and will safely 
reset themselves when the clock is applied again 


Specification summary: Common-memory architecture, in which 
instructions, data, |/O, and timers all share the same memory space. 
This allows I/O to be bit rotated, bit manipulated, etc. Dedicated bit 
manipulation includes bit set/clear and branch on bit set/clear. A 4-MHz 
oscillator provides a 1-MHz internal cycle on most -05 versions. New 
68HC05s have a 2.1-MHz internal bus speed. Included are parts with 
program security, on-chip EEROM, A/D converter, serial peripheral 
interface (SPI), and PLL frequency synthesizer. Family consists of 
NMOS and CMOS parts in 20-, 28-, and 40-pin DIPs (also chip carriers, 
etc). NMOS requires 5V supply, while CMOS will operate over 3 to 6V. 


NOTES: 


1. CMOS VERSIONS CAN BE STOPPED (CLOCK = DC). IN THIS CONDITION 
POWER DROPS TO 10 pW. 

2. SOME 6805 DEVICES CAN BE EXPANDED EXTERNALLY TO 8k MEMORY. RCA 
6805E3 BRINGS OUT 16 LINES FOR 64k ADDRESS SPACE. 

3. SPECIAL FUNCTIONS SUCH AS SERIAL COMMUNICATION PORTS & A/D CON- 
VERTERS ARE AVAILABLE AMONG FAMILY MEMBERS. 


SOFTWARE 


From Motorola: Software can be obtained free for downloading over 
phone lines by calling (512) 440-3733. 

From others: Many cross macroassemblers and linking loaders, some 
relocatable. RELMS (San Jose, CA) has cross support for Intel develop- 
ment systems. Avocet Systems Inc (Rockport, ME) has cross- 
assemblers for 6805 and 6804 that run on IBM PC, etc. 
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NEW 500 
MEGASAMPLES/SEC 
300 MHz 
DIGITAL PORTABLE 


AT THE PUSH 
OF A BUTTON 


AUTO SETUP 
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AUTO MEASURE 


ONLY FROM TEK. 


The new Tek 2440 Digital Oscillo- 
scope is the only portable offering 
a 900 MS/s sampling rate—on 
two channels simultaneously, 


Capture 
Signals 
competitors 
can't, 


You can digitize, store and process 
single-shot phenomena to 200 
MHz and repetitive signals to 300 
Mz. At the touch of a button. 

This is a scope built for solving 
tough problems fast. 


Complete 
confidence 
in results. 


Exclusive Tek digital features let 
you capture glitches as short as 
2 ns with continuous sampling; 
automatically catch intermittent 
failures in babysitting applica- 
tions; and see waveform changes 
virtually as they occur thanks to 
the high update rate. 

With the 2440's 500 MS/s 
sample rate, 8-bit vertical resolu- 
tion, and 0.0015% crystal-con- 
trolled timebase accuracy, you'll 
have complete confidence in the 
accuracy of your waveform data. 
You'll know what you're seeing is 
what's actually happening in your 
circuit. 


The 300 MHz 2440 and 2432, 
along with the 150 MHz 2430A, 
drive like the scopes you're used 
to. They feature a familiar front 
panel and simple, one-level 
menus. 

Built-in automation simplifies 
operation even more. The scopes 
Set up at the touch of a button. 
And you can characterize wave- 
forms instantly: press another but- 
ton and read out your choices 
from 21 different measurements. 


On the design bench, the 2400 
DSOs are effective standalone test 
systems. Full GPIB program- 
mability, pass/fail testing and 
time-saving measurement 
sequencer make them equally 
powerful system components. 
With off-the-shelf software you 
can fully automate measurements 
and extend waveform analysis. 

Don't settle for less. Get the 
total performance package only 
Tek delivers, feature for feature, 
spec for spec. 


A digital 
family you 
already know 
how to use. 


Powerful 
system 
components. 


WHEN THE 


MEASUREMENT COUNTS, 


The standard 
of excellence 
in portable 
scopes. 


Answers 
at the touch 
of a button. 


No matter what you measure, Tek 
measures best. 


Analog or digital, standalone or 
automated, no other portables 
match Tek 2400 Series 
Oscilloscopes for sheer breadth of 
line, range of performance and 
wide choice of options. 

Their proven reliability and 
built-in versatility are a result of 
Tek’s dedication to superior wave- 
form acquisition tailored to indi- 
vidual needs. 


Six four-channel analog oscillo- 
scopes combine pushbutton sim- 
plicity and leading-edge perfor- 
mance. They bring unprecedented 
efficiency to your design lab, pro- 
duction line or field service site. 


COUNT ON TEK. 


The top-of-the-line 2467 with 
Tek’s patented microchannel plate 
CRT even makes single-shot 
pulses to 350 MHz visible— 
at the touch of a button. 

A complete range of options 
further extend each scopes 
capabilities. 

Scope for scope, feature for 
feature, Tek has the best solution 
for your measurement needs. 


Ask your Tek representative for a 
demonstration. With the 2440 
joining the family, there's an even 
better selection— in sample rate, 
performance and price. For more 
information, please return the 
reply card or call Tek direct: 
1-800-426-2200. 


Call Tek 
for details. 


Copyright ©1988, Tektronix, Inc. All rights reserved. 
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COMMITTED TO EXCELLENCE 


PXA-894 


6801/6301 /68HC11 


AVAILABILITY: Now. 
COST: In 1k qty, from less than $3 to $40. 


SECOND SOURCE: Hitachi, Thomson. Hitachi is prime source for the 
63XX CMOS versions. 


Description: 6801 is large, expandable 1-chip version of the 6800, 
with enhancements that include 10 more instructions, serial |/O, 8x8 
multiplication, and a multifunction 16-bit timer. 6301 is slightly enhanced 
CMOS, and 68HC11 is further enhanced in static CMOS. 68HC11 has 
a second 16-bit-wide register, an 8-function timer, a 2-function pulse 
accumulator, an enhanced UART (SCI), a high-speed (1-MHz) serial 
shifter (SPI), an 8-channel, 8-bit A/D converter, and an EEPROM. 


HARDWARE 


INDEX LO | 


skis 


ADDRESS BUS (13 16 BITS) 


ee 


RS ES DATA CONTROL 
ADDR BUS BUS BUS 
— ae 
INTERNAL TIMER 
ON Cor BUS vO EVENT | EXT 
DESCRIPTION [ROM | RAM | EXT| SPEED |PAR | SER | CTR |INTS| PINS 
EXPANDABLE 2 14 


1-CHIP uC 
EPROM 
VERSION 
OF 6801 
ROMLESS 
6801 


CMOS 


68701 


6803 


6301 


6303 CMOS 


68HC11 | CMOS WITH 
UART, SPI, 
SERIAL, 8-BIT 


A/D 


(ALSO 512 
EEPROM) 


HARDWARE 


From Motorola: For 6801 family, M68701EVM is evaluation module 
that has port for terminal and port for any RS-232C host and will 
program 68701 EPROM parts. For 68HC11, the similar M68HC11EVM. 
Also M68HC11EVB boards ($168.11) for evaluating EEPROM versions. 
For both 6801 and 68HC11, HDS-300 software-development station 
operates stand-alone or interfaced to most any host with RS-232C. 
From others: Third-party hardware development systems. For exam- 
ple CT68HC11 ($5000 to $6000) from Ashling Microsystems Ltd (Limer- 
ick, Ireland). 


EDN October 27, 1988 


CHARACTERISTICS 


SUPPORT — 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 
6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 


Status: This has been a well-received family. Motorola is now following 
migration of customers to more powerful 1-chip devices and is concen- 
trating on the new 68HC11 enhancement of the 6801, such as increased 
on-chip EEPROM. During late 1988, Motorola will offer the 68HC11E9 
with 12k bytes of ROM and 512 bytes of EEPROM and the 68HC811E2 
with no on-chip ROM, but with 2k bytes of EEPROM. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic 

Instructions to take advantage of two accumulators, including 8x8 
multiply. 68HC11 has additional 16-bit operations, integer and fractional 
divides, and bit manipulation 

liI—DATA-MOVEMENT INSTRUCTIONS 

Can reach the first 256 locations of memory with short instructions 
Can list-process efficiently with the index register (two on 68HC11) and 
can add accumulator to index register, within a 64k-byte range 
Relative addressing allows data relocation 

Has 16-bit load and store 

lli—PROGRAM-MANIPULATION INSTR 

Has PDP-11 branches and conditional branches. Has unlimited subrou- 
tine nesting via stack pointer, addressing LIFO stacks in RAM 

Eight levels of prioritized, vectored interrupts (21 on 68HC11) 
iV—PROGRAM-STATUS-MANIP INSTR 

Instructions for storing status register or transferring to or from accumu- 
lator. 68HC11 has additional active bits related to ‘“‘stop’’ mode 
V—POWER-SAVING INSTRUCTIONS 

6301 has sleep instruction. 68HC11 has Stop and Wait instructions 
similar to 146805 but with disabling provision via a bit in status register 


Hardware Notes: 

1. Diagram is for 6801. See table for others. 

2. Hitachi has developed some slightly enhanced CMOS versions, the 
63XX Series, that Motorola has second sourced. Zero turn-around time 
(ZTAT) versions, such as the 63701VOP, have EPROM program memo- 
ries in inexpensive windowless packages for 1-time programming in 
moderate-volume production (to 10k). 

3. Motorola 68HC11 is very much enhanced 6801. New 68HC11A8 has 
512 bytes EEPROM. 68HC811A2 has 2k bytes EEPROM. 


Notes: 

1. 6801 has all 6800 pP instructions plus 10 new ones to handle addi- 
tional resources such as advanced serial I/O ports and timers. 

2. 68HC11 has enhanced 6801 instruction set, with 88 additional op 
codes. 


Specification summary: Expandable single-chip ~C with common- 
memory architecture, in which all instructions, data, 1/O, control, and 
data registers share the same memory space. This allows 1/O, etc, to 
be handled like memory with all instructions applying. Instruction set 
is upwardly compatible with 6800, with 10 additional instructions for 
6801 and, beyond that, 91 new op codes for 68HC11. The ROM, RAM, 
and 1/O resources for 6801 and 68HC11 families are detailed in table. 
Internal bus speed to 2 MHz for 6801 and from dc (asleep) to 2.1 MHz 
for 68HC11. The 6801 is fabricated in NMOS, the 6301 is fabricated in 
CMOS, and the Motorola 68HC11 is fabricated in static CMOS (to allow 
dormant, micropower ‘‘asleep”’ state). 6801 in 40-pin DIP, 6301 in 64-pin 
DIP and flat pack, and 68HC11 in 48-pin DIP and 52-pin quad. 


SOFTWARE 


From Motorola: Software can be obtained free for downloading over 
phone lines by calling (512) 440-3733. C compiler to run on Unix System 
V for 68HC11. For least expensive approach, you can use 6801 parts 
with LiLbug monitor in on-chip ROM (MC6801L1). 

From others: Cross macroassemblers and linking loaders, some relo- 
catable, to run on popular minis and personal computers. For example, 
C compiler from Archimedes (San Francisco, CA) to run on IBM PC 
($995) and DEC VAX ($3995 to $5995). 
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6500/1, 65C 124, 50740, 37700 


AVAILABILITY: Now for all NMOS and most 8-bit CMOS parts. Late 
1988 for Mitsubishi 37700 16-bit internal part. 

COST: Prices range from $2 to $20 according to complexity of part 
and volume, whether in NMOS or CMOS. Volume leader Mitsubushi 
says its prices range from $3 to $25. 

SECOND SOURCE: NCR (licensed) and California Micro Devices for 
Rockwell NMOS parts. WDC says it has licensed a number of suppliers 
worldwide for its CMOS designs. Seiko and Epson second source 
Mitsubishi chips. 

CORE: Standard megacell in libraries of NCR, Mitsubishi, WDC, SMC, 
etc. Widely used because of compact 6502 die size. 


Description: There are three different sources for 1-chip versions of 
6502 uP: the original 6500/1 NMOS family from Rockwell, the new 
65C124 and -134 CMOS family from WDC, and the very successful 
50740 CMOS family from Mitsubishi. Most parts are 100% software 
compatible with 6502, though in some cases enhanced instructions 
such as bit manipulation have been added. Because of small die size 
of 6502 core, many of these parts take a standard-cell ASIC approach. 
Vendors claim these 1-chip sets have a speed advantage over compet- 
ing 1-chip devices, because of 6502’s 2-cycle bus and pipelining. 
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Notes: 

1. Diagram favors initial Rockwell 6500/1 version. There are dozens 
of versions from various sources, most of which are more complex. 

2. Mitsubishi 740 Series parts are all CMOS and have as much as 16k 
bytes of ROM and 512 bytes of RAM. Some models have special 
functions such as UARTs, 8-bit A/D converters, LCD drivers, or high- 
voltage (— 35V) outputs. Some have 54 pins of 1/O. 

3. Mitsubishi's new M37700 version will also be CMOS and 8 bits 
externally but will be 16 bits internally (much like the 68C816 version 
of the 6502 wP). On chip it will have 16k bytes of ROM, 512 bytes of 
RAM, eight 16-bit timers, two UARTs, one watchdog timer, and an 
8-channel 8-bit ADC. It will be expandable to 16M bytes off chip. Initial 
package will be 80-pin quad flat pack for Japanese consumer market, 
but later it will be available in 84-pin PLCC for US market. 

4. WDC says its first part, 650124, has been joined by 65C134—a 
6502 core ~P—which includes a LAN connection. 


HARDWARE 


From Rockwell: Emulator part, the 64-pin 6500/1E ($75), can be 
used in R6500/1 personality card ($995), which plugs into LCE System 
($1250). Backpack part will be ROMless 40-pin 6500/1EA ($75), into 
which industry-standard EPROMs can be plugged. 

From Mitsubishi: Debugging machine PC4000E ($1000) with ICE 
cards for each device model ($750 to $1100). 

From WDC: Toolbox Design System in-circuit emulator (ICE) for 
W65C124 runs on an Apple lIGS host and can communicate with an 
IBM PC via a serial port ($4995). 


—— CHARACTERISTICS 


SUPPORT 


8-BIT (AND 16-BIT) NMOS AND 
CMOS 


Rockwell international 
Semiconductor Products Div 
4311 Jamboree Rd 

Newport Beach, CA 92658 
Phone (714) 833-4600 


Western Design Center Inc 
2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 


Mitsubishi Electronics America inc 
1050 Arques Ave 

Sunnyvale, CA 94086 

Phone (408) 730-5900 


Status: Mitsubishi’s 50740 Series has become a top volume leader 
among 8-bit ~Cs, according to Dataquest, along with the 8048/49, 
6805/6801, and 8051 uC families. Mitsubishi's explanation for rapid 
volume growth is that the 50740 is used in Japanese consumer products 
(Mitsubishi says you will find standard or custom 50740s if you open 
products by Hitachi, JVC, Sanyo, or Minolta). Mitsubishi is readying a 
pilot fab line, which should be in full production by ’89. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logical. Decimal mode via control bit in status register. 
Can operate on locations in memory space (which can be either RAM 
or I/O ports) 

Bit-manipulation enhancement on some models allows bit set and reset 
and branching on bit set or reset 

li—DATA-MOVEMENT INSTRUCTIONS 

True indexed addressing, though index offset limited to eight bits in 
two CPU registers—xX and Y. Short-form addressing to zero page. Has 
two sophisticated indirect-indexed and indexed-indirect instructions for 
handling tables 

lli—PROGRAM-MANIPULATION INSTR 

Conditional branches with signed relative addresses 

Nonmaskable and/or maskable interrupt, depending on model 
iV—PROGRAM-STATUS-MANIP INSTR 

Push and pull status register from memory stack. Set and clear carry, 
decimal mode and interrupt bits 


Notes: 

1. 6500/1 instruction set is 100% identical to that of previous 650X 
family devices such as 6502, with exception of bit-manipulation instruc- 
tions for some devices. (No new instructions added to handle new 
on-chip features like timers and 1/O because they are all handled as if 
in external memory space.) 

2. Mitsubishi chips have some added instructions. 


Specification summary: 1-chip nonexpandable and expandable 
versions of 650X family. Have 2k- to 16k-byte ROM, 64- to 512-byte 
RAM, as many as 52 I/O lines, and one or more 16-bit programmable 
interval timers, as well as two or more programmable interrupts (plus 
the 650X’s NMI interrupt). Family options (Rockwell) include RS-232C 
port and bus expansion. Operates from 5V, 500 mW, and has separate 
5V supply to keep 64 static bytes of RAM alive (50 mW required). Wide 
variety of package types and sizes from various suppliers ranging to 
80-pin flat pack and 84-pin PLCC from Mitsubishi. Full MiL-spec tem- 
perature range devices from WDC. 


SOFTWARE 


From Rockwell: Because the 6500/1 emulator runs on LCE system 
and Aim-65 (now from Dynatem, Irvine, CA), existing 6502 program- 
development software can be used. A debug monitor is available for 
all 6500/1 and 6500/11 devices, and the macroassembler supports new 
(enhancement) instructions. Cross software. 

From Mitsubishi: Cross software for MS-DOS. (Has plans for a C 
compiler and Forth interpreter.) 

From WDC: Many software packages available from third parties for 
the W65C02/W65C816 pPs. 
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NEW 
MONOULTHIC 
POWER 


OP AMPS 


.from the worldwide leader 
in power amplifiers. 


Safe Operating Area 


Our new OPA541 op amps deliver more 10 
power for your money, up to 5A 

continuous, 10A peak, from +40V 

supplies. And OPA2541, the dual, saves = 
valuable board space—especially 249 
important in multiple power amp c 
applications. Use them as drivers for 


“ae 
servo motors, ATE pins, voice coils, and Pu 
power actuators. a time 
Rugged, low-cost monolithic design Vs — Vout! (V) re 
The key to their superior performance is assortment of high current and high 
a highly efficient monolithic design, voltage op amps. 
fabricated using our proprietary ® supply ranges to +150V, output 
bipolar/FET process. Check these currents to 15A 
features: @ extended SOA models for maximum 
e 5A continuous, 10A peak output protection 
@ wide +10V to +40 V supply range ® compact, electrically-isolated TO-3 
@ extended safe operating area (SOA) packages 
® fast 8V/us slew rate @ high speed, wide bandwidth models 
Largest selection of power op amps inthe | ® full military models available 
industry All backed by over 30 years of design and 
Besides the new OPA541 and OPA2541, manufacturing experience you can 
Burr-Brown offers designers a broad depend on. 
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Free Power Amplifiers selection guide 
Our Power Amplifiers selection guide 
gives you key specifications, pin outs, 
performance curves, and applications tips 
for all our high voltage and high current 
op amps. Ask your Burr-Brown 
representative or contact Applications 
Engineering, 602/746-1111. Burr-Brown 
Corp., P.O. Box 11400, Tucson, AZ 


85734. 


BURR -BROWN® 
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MAGNET WIRE 


For superior performance and tighter 
control over twisted wireconstruction. 


Developed for use in the production of 
custom toroid, ferrite or recording head 
coils, specialty audio and R.F transformers 
TWISTITE offers a number of distinct 
advantages. 
TWISTITE is custom produced to offer 
a wider range of twisting construction. 
Manufacturing capabilities include: 
¢ Up to 33 Twists Per Inch on fine wire. 
¢ Twisting tolerance as tight as +1%. 
¢ Tightly controlled capacitance, induc- 
tance and impedance characteristics. 

¢ Up to 10 colors in some sizes for conduc- 
tor identification. 

¢ Huge selection of insulations: NEMA 
MW 1000, JW1177, 105-220°C (single 
through quadruple film builds). 

¢ Wide range of sizes: 24 AWG and finer. 

¢ Wide variety of conductor materials: 
copper, silver, plated conductors, and 
special alloys. 

Call or write for your free copy of our 
Technical Data Booklet and Capabilities Bro- 
chure. Both contain valuable inf | 
on all wire producedand & 
inventoried by MWS Wire 
Industries. Samples of 
TWISTITE are available 
upon request. 


/ 


1968~ 1988 


Wire Industries 


31200 Cedar Valley Drive, Westlake Village, CA 91362 
CALL TOLL FREE 800 423-5097 
In California 800 992-8553. IN L.A., 818 991-8553 


TWISTITE: is a trademark of MWS Wire Industries 
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AVAILABILITY: Now for 2k-byte, 4k-byte, and ROMless parts at 8 
to 12 MHz and Supers. Sharp and Zilog have CMOS now. SGS has 
4k EPROM and 8k ROM and should have S9 core in late ’88. 

COST: Less than $3.50 for Z8 in volume. $6.50 for Super8 in volume. 
(28-pin version for $1.) 

SECOND SOURCE: SGS-Thomson (licensed); Sharp for both NMOS 


and CMOS; Catalyst for EPROM version; VLSI Technology for CMOS. ° 


CORE: From Zilog & VLSI Technology. (SGS-Thomson’s S9 core is 
based on Super8 architecture.) 


Description: Z8 is a ‘maxi’ single-chip »C that is a composite of 
many machines. It has powerful features that can’t necessarily be used 
simultaneously, a common problem with single-chip units—particularly 
the expandable ones. Not really compatible with supplier's Z80 or 
Z8000 because architecture is so different; closest to Z8000. However, 
slave Z8 versions interface to Z80 and Z8000 buses. New ‘‘Super8”’ 
version has more of everything: more data and program memory, more 
on-chip peripherals, more instructions. 


HARDWARE 


~ POINTER TO GROUP 


PROG/DATA 
SELECTOR 


PORT 3 INCLUDES 


1) UART (FULL DUPLEX) 
2) HANDSHAKE 

3) INTERRUPTS (4) 

4) TIMER IN/OUT 

5) STATUS OUT 

6) PROG/DATA SELECT 


DATA BUS 8 


ADDRESS BUS 
8+ 8 = 16 


Notes: 

1. Diagram applies to basic 2k-byte version. Many other versions exist. 
2. The 124 working registers (272 on Super8) are truly general purpose. 
Any one can be used as accumulator or indexer. 

3. The register pointer singles out a ‘“‘workspace’”’ of 16 working regis- 
ters for fast access. Eight such workspaces are possible in the 124- 
register space (16 in Super8) and provide mechanism for fast context 
switching upon interrupt. 


HARDWARE 


Development packages are available from JK Engineering (Singapore, 
65-744-8414). In the US, IAM (Sacramento, CA) distributes JK Engineer- 
ing’s products. Development packages in various configurations are 
also available from Zilog Inc (Campbell, CA) and Inner Access (Belmont, 
CA). Emulation packages are available from Orion Instruments (Red- 
wood City, CA); Microtek (Beaverton, OR); Creative Technology (At- 
lanta, GA); and Sophia Systems (Santa Clara, CA). This list isn’t exhaus- 
tive. 


EDN October 27, 1988 


CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


Status: Last year, supplier predicted Z8 would reach 7-million-unit 
level in ’87, because of increasing demand for $1 28-pin Z8, which is 
directed at consumer applications. Dataquest showed a volume of 3.4 
million for ’86. Zilog points out that Z8 volume is still growing, and that 
Z8 has had several hundred design wins (many in Far East), and some 
of these are now going into production. Meanwhile, second-source 
SGS has turned its CMOS efforts to its S9, a proprietary enhancement 
of the Super8, which SGS will use for an ASIC building block. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, add with carry, decimal adjust, increment byte and word, decre- 
ment byte and word, subtract, subtract with carry 

Multiply and divide added to Super8 version 

Logicals: AND, compare, complement, OR, and exclusive OR 

Rotates and swaps 

Bit manipulation: test under mask, test complement under mask, and 
logical tests of bits 

lI—DATA-MOVEMENT INSTRUCTIONS 

Address modes: immediate, register, register pair, indirect register, indi- 
rect register pair, direct, indexed, and relative 

Block transfer: load constant autoincrement, load external autoincre- 
ment 

Load: clear, ioad, load constant, load external, pop and push 
lli—PROGRAM-MANIPULATION INSTR 

Call, decrement-and-jump on nonzero, interrupt return, jump condi- 
tional, jump relative conditional, return 
iIV—PROGRAM-STATUS-MANIP INSTR 

Set, reset, and complement of carry flag 


Note: Ability to set, reset, and test any bit or combinations of as many 


as eight bits allows any byte to function as a user flag register. 


Specification summary: Unique architecture with three memory 
spaces: program memory (0, 2k, 4k, or 8k bytes in internal masked 
ROM; rest to 64k bytes can be external), data memory (to 64k bytes 
external), and CPU register file (256-byte space that includes 124 truly 
general-purpose working register/accumulators). Executes 129 instruc- 
tions at 0.6 to 3.0 psec at 8-MHz internal clock (16-MHz oscillator). 
Has built-in duplex UART (96k bps) and two 8-bit timers, each with 
6-bit prescaler. Housed in 40-pin DIP, with 28-pin economy versions 
planned. New enhanced Super8 has 352 bytes of on-chip data and 
control registers (256 of which are general purpose). Initially it will be 
a ROMless part, but as much as 16k bytes of on-chip program ROM 
are expected. New multiply and divide instructions. On-chip peripheral 
functions include DMA, two 16-bit timer/counters, maximum of 40 1/O 
lines, full-duplex UART, and optional synchronous/asynchronous serial 
channel. Has fast (600-nsec) interrupt response, with 37 interrupt 
sources. Comes in 48- and 44-pin packages. 


4. The data- and program-manipulation instructions use the working 
registers in the CPU. The instructions that apply to the external data 
RAM are essentially just loads and stores. (There is a similarity to RISC 
philosophy.) 

5. SGS has not announced any CMOS Z8s. Instead it has introduced 
an S9 ASIC core in 1.5-~m CMOS. SGS says it will reach 12 MHz 
(24-MHz external clock) and be priced at $4 to $10 in volume. 


SOFTWARE 


Software development tools are available from Allen Ashley (Pasadena, 
CA); Avocet (Rockport, ME); Relational Memory Systems (San Jose, 
CA); and Western Wares (Norwood, CO). You can purchase compiler 
software from Micro Computer Compilers (Hopewell, NJ); 2500 AD 
(Buena Vista, CA); and Inner Access (Belmont, CA). This list isn’t ex- 
haustive. 
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7000 FAMILY 


AVAILABILITY: Now. 

COST: TI pricing: $1.60 to $3.50 for standard CMOS masked-ROM 
versions in 100k quantities. 

SECOND SOURCE: Microchip Technology and Seeq for NMOS ver- 
sions only. Note that each supplier is taking a different direction, so 
direct second sourcing is limited. 


Description: Software-compatible family of NMOS and CMOS 8-bit, 
expandable 1-chip Cs. Architecture laid out on chip so that new prod- 
uct variations in memory size, I/O, etc, are easier to accomplish. A 
full-duplex UART, enhanced timers, and interrupts are incorporated in 
high-end family members (70C42). Instructions typically perform com- 
bined load, operation, and store functions, thereby increasing overall 
system performance and code efficiency. 


HARDWARE 


iO AND MEMORY- 
ANSON CONTROL | 


Note: 

Supplier says it uses a ‘‘strip-chip’”’ architecture to keep registers and 
control elements in isolated, self-contained modules in silicon, and then 
it uses single layer of metal to interconnect chip. This is, of course, 
similar to the cell-library, semicustom approach and useful for the same 
reason. Changes can be made easily, which helps TI bring out new 
models or give large customers special variants. 


POWER 
REQUIRED 


INTERRUPT 
LEVELS 


MODEL 


HARDWARE 


From TI: XDS development system ($5900). It provides in-circuit emu- 
lation, target-system debug (with breakpoints and logic-state trace), 
and RS-232C link to host computer or terminal. EVM evaluation board 
($795) provides in-circuit emulation, programs SE77C42 and EPROMs, 
and has serial interface to standard terminals. Piggyback devices ac- 
cept 27C64 and 27C128 EPROMs. SE70CP160 CMOS piggyback de- 
vice supports prototyping for 70C20, 70CT20, 70CT40, and 70C40 Cs. 
SE70CP162 CMOS piggybacking device and SE77C42 support proto- 
typing for 70C42. 


CHARACTERISTICS 


SUPPORT 


8-BIT CMOS 


Texas Instruments Inc 
13536 N Central Expressway 
Dallas, TX 75265 

Phone (214) 995-6611 


Status: Primary supplier Tl has apparently switched its emphasis to 
new CMOS models with expanded features. New low-end devices 
(70CT20/40) continue to offer an alternative for designers who are using 
4-bit »Ps, but who seek a low-cost 8-bit alternative. 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, 8x 8 multiply, BCD 

Logicals, increment, decrement (single and double) 

Rotates right and left. Bit test 

li—DATA-MOVEMENT INSTRUCTIONS 

Dual-operand moves avoid time wasted going through accumulator 
Apply to many instructions 

Indexing via B register 

16-bit moves 

lli—PROGRAM-MANIPULATION INSTR 

Call and return 

Bit test and jump on both I/O and memory 

Conditonal jumps using PC-relative addressing 
iV—PROGRAM-STATUS-MANIP INSTR 

Status register contains carry, sign, zero, and interrupt enable. Instruc- 
tions to change carry and interrupt enable 


Specification summary: Unified-memory architecture in which ap- 
plication program ROM (EPROM), working registers, I/O registers, and 
some control registers all share common memory space of 64k bytes 
(except Tl 7OCTXX models). Low-end family members have an 8-bit 
timer with capture latch and 5-bit prescale; interrupt; 128 and 256 bytes 
of RAM; and 2k or 4k bytes of ROM. High-end 70C42 includes two 
16-bit timers (one with capture latch), which are cascadable to 26 bits; 
a UART with an 8-bit timer for baud-rate generation (or usable as a 
third timer); programmable interrupts; 256 bytes of RAM; and 4k bytes 
of ROM. High-performance model operates to 6 MHz with basic micro- 
instruction cycle taking 333 nsec. Most instructions take 5 to 9 cycles. 
Minimum instruction time is 1.25 wsec, which includes load, logic or 
arithmetic operations, and store. I/O to 32 pins with some models, 
including special functions such as UARTs and ADCs. NMOS and 
NMOS-EPROM devices require 5V supplies; CMOS operates over 2.5 
to 6V Vcc and includes power-down modes. Available in 28-and 40-pin 
DIPs and 28- and 44-pin PLCCs. 


SOFTWARE 


From TI: Cross-assembler and linker to run on MS-DOS-based PC 
that may serve as host for XDS. DEC VAX VMS assembler/linker sup- 
port is also available. 

From Cybernetic Micro Systems (San Gregorio, CA): Assembler, 
simulator, and debugger to run on IBM PC. 

From Allen Ashley (Pasadena, CA): Cross-assemblers and emulators 
to run on IBM PC. 

Literature: T! 7000 family data manual with applications. 
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Generations from now, when today’s sta rt 
fighting systems have taken their place in armament 
| history books, today’s Abbott power supplies will still 
: be operating reliably. 

| Outfitted for Enhanced Reliability, for example, our 
: new 60 Watt triple-output switching DC-DC converter 
| 

| 


GENERAL DYNAMICS LAND SYSTEMS 


achieves an MTBF rating up to 600,000 hours; more than 
68 years. A single-output model is rated even longer.* 

Yet this compact package is fully self contained. It meets 
the tough EMI limits of MIL-STD-461B. And the punishing 
environmental specs of MIL-STD-810C and MIL-S-901C. 

While the BC60 is brand new, this is no “developmental” 
power supply. Its topology is identical to our field proven 
: BC100 and BC200 models. Its design integrity is verified 
| through rigorous ESS testing. 

We're delivering power supplies for projects critical to 
America’s defense, including MILSTAR, the EH101 heli- 
copter, the TOW missile, INEWS and the F/A-18 Hornet. 

For a copy of our 1988 Military Power Supply Product 
Guide, write us at 2721 S. La Cienega Boulevard, Los 
Angeles, CA 90034. (800) 556-1234 XT9; CA (800) 


4414 -2345 yg 2 9. *MTBF FIGURES CALCULATED PER MIL-HDBK-217E GROUND. 


Our power supply 
is built to 
outlast the tank. 


Versatile new 60 Watt switcher 
measures 5 x 4 x 1.5 inches. Provides 
outputs of 5, 12, 15, 24 or 28 V de, from 
inputs of 18 to 36 V dc. Operating tem- 
perature from — 55°C to + 100°C. 
Overvoltage protection & short circuit 
protection standard. 


WHEN RELIABILITY IS IMPERATIVE.” 
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In seventeen countries 
around the world, the 
unparalleled research and 
development capabilities of 
CIBA-GEIGY Group 
Companies are advancing 
the technology of electronic 


chemicals and processes. 


Layers of electronic magic held fast 
by Araldite® resins. 

Today’s printed circuits must 
combine extremes of circuit density with 
flexibility, strength and precision. The 


CIBA-GEIGY’s world of electronic chemicals. 


secret is Araldite laminating resins, 
products of CIBA-GEIGY research. 
These resins blend the best mechanical 
and dielectric properties with resistance 
to hot-air levelling and a steadfast refusal 
to delaminate even when exposed to 
solder baths. Result: lighter, stronger and 
more reliable circuits. 

Tomorrow’s photopolymer solder 
mask today: The Probimer’ series. 


Acomprehensive system capable of 
masking printed wiring boards of 
exceptionally high density with little 
possibility of solder bridging or distortion, 
the Probimer technology provides an 
extraordinary level of fidelity to the 
photographic contours of the original. 


=e 


Further Probimer advantages: a tough 
protective coating imbued with flame 
retardance and a high level of resistance 
to chemical and environmental attack. 
High-purity protection: The superb 
Aratronic® encapsulation systems. 

Heat, cold, extremes of pressure and 
environmental exposure: These are just a 
few of the adverse conditions an 
electronic component may have to 
endure. And endure it will, when 
protected with high-purity Aratronic 
encapsulation systems. These systems 
offer negligible shrinkage during cure, 
excellent adhesion to metals and other 
materials, and stalwart resistance to 
chemical attack. 
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Improved cost-effectiveness and 
reliability for semiconductors and 
hybrid circuits: Probimide* 
microelectronic systems. 

Probimide polyimides are an 
advanced high-purity mask and 
photopolymer coating developed 
especially for the stringent requirements 
of today’s semiconductors and hybrid 
circuits. They provide heat resistance up 
to 450°C and their photoimageability has 
resolution capability into the micron 
range, hundreds of times better than the 
best photographic film. 

Pulling it all together: Furane Products 
specialty polymers. 


For packaging and assembling 
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electronic components, CIBA-GEIGY’s 
Furane Products Company formulates 
specialty polymeric materials to meet the 
ever-increasing demands of industry. 
Uralane® conformal coatings can be 
used in most hostile conditions of heat 
and humidity. Epibond® die attach 
adhesives meet demanding military 
specifications for thermally conductive/ 
electrically insulating adhesives. 
A global capability: Wherever there is 
technology, there is CIBA-GEIGY. 
CIBA-GEIGY Group Companies 
literally circle the globe with highly 
sophisticated technological and service 
capabilities. For more information, please 
contact: In the U.S.A. CIBA-GEIGY 
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Corporation, Electronic Chemicals 

Group, Three Skyline Drive, Hawthorne, 
New York, 10532. Telephone: 

(800) 431-1900, (914) 347-4700 in New York. 
In other countries, please contact the 

local CIBA-GEIGY Group Company or 
CIBA-GEIGY Ltd., Electronic Chemicals 
(KA 5.6), 4002 Basel, Switzerland, 
Telephone: 061/362850. 


CIBA-GEIGY 


The sun never sets on 
CIBA-GEIGY’S 
world of electronic chemicals 


TDK Adds More SMD Technology 
to Give You More Value. 


Ferrite 


External Electrode 


TDK Composite Multilayer Chip Compo ents 
Give You Higher Mounting Densities and Hore Reliability. 


TDK has succeeded in the production of an LC Filter in a single multilayer surface 
mounting component. This unique device integrates seven capacitors, two inductors and two 
transformers in a chip that’s only 0.2” x 0.2” x 0.11”. Itll be five years before the rest of the 
industry learns how to produce monolithic circuitry like this. But TDK has it now. 

TDK’s new Multilayer Chip Components mean a big reduction in the number of devices 
and a significant increase in reliability. Magnetic shielding eliminates crosstalk, permitting 
higher on-board density. Now your boards can be made smaller and thinner and can accommo- 
date additional circuits for greater added value. 

The TDK Multilayer Chip LC Filter once again proves IT DK’s leadership in ferrite and 
ceramic dielectric materials and multilayer chip production technology. TDK also has expertise 
in thick-film printing of extremely fine patterns and simultaneous sintering of different materials. 
That’s why TDK can supply a complete product line of composite multilayer and wound chip 
SMDs in a wide variety of specifications. 

TDK puts you first with the world’s first Multilayer Chip LC Filter. 


See us at Wescon/’88 
booth #3087, November 15 to 17, 


TDK Surface Mount Technology—At Your Service. 
Anaheim, CA. 


‘AT DK. Ganon 


TDK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (312) 803-6100 CHICAGO 
REGIONAL OFFICE Phone: (312) 803-6100 INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE 
Phone: (516) 625-0100 LOS ANGELES REGIONALOFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 
NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 GREENSBORO 
DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: 
(408) 437-9585 TDK CORPORATION. TOKYO, JAPAN. 
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Simplifying High Density Placement 
TDK Surface Mount Devices 


Multilayer Ceramic 
Chip Capacitor 


C1608 (CC0603) 
C: 0.5~22,000pF 
C2012 (CC0805) 
C: 0.5~100,000pF 
C3216 (CC1206) 
C: 0.5~220,000pF 
C3225 (CC1210) 
C: 750~470,000pF 
C4532 (CC1812) 
C: 2,400pF ~ 1pF 
C5650 (CC2220) 
C: 5,100pF ~ 1.5uF 


Multilayer Ceramic 
Chip Capacitor 
Network 


MCN7575 

TC: COH, 1 ~100pF 
SL, 10 ~ 1,000pF 

TC: —1,000,+350ppm/°C 
(12 capacitors) 

Class Il, 

100 ~470,000pF 

(12 capacitors) 


Multilayer Ceramic 
Chip Capacitor 
(High Frequency, 

Low Loss) 


FC1414 
C: 0.5~3,300pF 
FC2828 


C: 0.5~22,000pF 
FR1414 

C: 0.5~3,300pF 
FR2828 

C: 0.5~22,000pF 


Multilayer Chip 
Inductor 


MLF2012 

L: 0.047 ~33uH 
MLF3216 

L: 0.047 ~33yH 
MLF3225 

L: 39~220uH 


LC Trap 


MXT4532 
MXT5050 

F range: 7O0kHz ~ 10MHz 
Tolerance: +3% 


Multilayer Chip IFT 


MIA4532 
F: 455kHz 


MIF4532 
F: 10.7MHz 


Multilayer Chip 
Transformer 


MTT4532 
L: 10~200,H 


Multilayer Chip 
LC Filter 


MXF4532H 
HPF (TV) 
MXF4532B 
BPF (FM radio) 
MXF5050H 
HPF (VCR) 
MXF5050B 
BPF (VCR) 
MXF5050L 
LPF (VCR) 


MXF5050D 
Delay Line (VCR) 


Micro Chip Inductor 
(Wound Micro Chip 
Inductor) 


Ce 
ACL3225S 


ACL3225R 
L: 0.01 ~1,000,H 


Multilayer Chip 


Leadiess Inductor 


(Wound Chip Inductor) 


NL322522 

L: 0.01 ~220,H 
NL453232 

L: 1.0~1,000,H 
NL565050 

L: 1,200 ~ 10,000,:H 
NLF453232 

L: 1.0~1,000,H 
(Shielded Inductor) 


Power-Line 
Leadless Inductor 
(Wound Chip Inductor) 


NLC322522 

L: 1.0 (850)~330,H 

(60mA) 

NLC453232 

L: 1.0 (1,050)~220,H 

(120mA) 

NLC565050 

L: 1.0 (1,800) ~1,000,H 
| (85mA) 


Leadless LC Trap 
(Wound Chip LC Trap) 


NLT4532 

F: 630kHz ~ 13MHz 
Tolerance: +2% 
Attenuation: 20dB min. 


Leadless EMI Filter 
(Wound Chip EMI Filter) 


NLL4532 
C: 33pF ~ 100,000pF 
L: 1pH~220uH 


Ferrite Chip 
EMI Suppressor 


CB201209 

Zo: 7, 10, 110 
CB321611 

Zo: 19, 26, 310 
CB322513 

Zo: 31, 52, 600 
CB453215 

Zo: 70, 120, 1250 


NTC Chip 
Thermistor 


NTC CS3216 

R typical: 
1.0~150ko at 25°C 
Temp. Range: 

—25 to +85°C 


SM Pulse 
Transformer 


CPT6 x6 

L: 10~100uH 
Winding ratio 
Ni:N2; 1:1 
CPT10 x 10 
L: 100~1,000.uH 
Winding ratio 
Ni:Ne:N3 ; 1:1:1 


SM Transformer/ 
Inductor 


EES EE12 
ER9.5 ER11/5 
ER14.5/6 T2 


SM Step-up 
Inductor 
(Unimorph 
Piezoelectric Buzzer) 


OL3.3 x 1.6 
OL3.3 x 2.1 
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SSD 


8085AH/80C85 


AVAILABILITY: Now for both in NMOS 8085 and for CMOS 80C85 
versions. 

COST: Prices for these older multisourced parts have dropped to $1 
and below, with prices as low as $0.65 for volume purchases. CMOS 
parts, especially faster ones, are more expensive. Radiation-hardened 
CMOS parts are very expensive ($300 to $800). 

SECOND SOURCE: 8085: NEC and Toshiba (and Intel) had most of 
market between them in '86, but Mitsubishi, Siemens, and AMD also 
shipped parts. 80C85: Oki active with Harris and Calmos supplying 
nuclear-radiation-hardened CMOS to military and aerospace custom- 
ers. 


Description: Based on the older 8080 pP, this family has proven a 
good general-purpose, midrange pP, though not the most efficient one 
for small programs. 8085 executes 8080 instructions, but with simpler 
hardware. Z80 (see elsewhere in this directory) is an enhanced 8080 
but has different package pinouts and bus operation. New 8086 (see 
elsewhere in this directory) is vaguely software compatible, but 8-bit-bus 
8088 version of 8086 can interface to 8080 and 8085 peripherals. 


HARDWARE 


<———_—————8-BIT ADDRESS BUS 


— Cncrmecs 


: 


mee: 


_ 


VO 
pea PORTS 


LOW 
ADDRESS 


LATCH 
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How 8085 differs from 8080: 

8085 has on-chip clock, needs only a 5V supply, and has relaxed 
memory-access time. But because it multiplexes lower eight bits of 
address on data bus, it’s not pin compatible with 8080. New pins gained 
by multiplexing implement address-latch strobe, four additional inter- 
rupts, and two serial-I/O lines. For small ‘‘few-chip’’ P systems, a 
designer can use 8155/56 and 8355/8755 combo chips with built-in 
address latches. 


HARDWARE 


Most of the vendors of third-party wP development systems have in- 
cluded 8080/8085 development components as a routine part of their 
Catalog. Typically, they use IBM PCs as host. 
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CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


Status: The venerable 8080—the pP that gave legitimacy to the pP 
revolution—is obsolete. It had less than 0.28% of the 8-bit-wP market 
in ’86, according to Dataquest. The 8085 is also starting to fall off, 
according to Dataquest figures. Still, it was in second place behind the 
Z80. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic 

BCD arithmetic 

Double-precision operations (instructions string two data bytes together 
as 16-bit word) 

li—DATA-MOVEMENT INSTRUCTIONS 

Uses three pairs of so-called GP registers as pointers in CPU RAM 
bank to address low- and high-order bits of 16-bit memory address. 
Can perform multiple indexing with these, but takes additional steps 
compared with classical index-register concept. 8085 has two additional 
instructions—RIM and SIM—that interface with new serial-I/O pins (as 
well as interrupt system) 

illi—PROGRAM-MANIPULATION INSTR 

Uses stack pointer (SP) to create LIFO stacks in external RAM for 
unlimited subroutine nesting 

All GP registers can be incremented and decremented 
Multiple-interrupt capability 

Bus controls allow addition of DMA 
iV—PROGRAM-STATUS-MANIP INSTR 

Software access to status register 


Specification summary: Common instruction and data architecture 
(64k bytes) with optionally separate I/O space (256 addresses). Three 
16-bit pointer registers allow efficient addressing of 64k-byte main- 
memory space. 78 basic instructions with 2-uwsec typ register-to- 
accumulator addition execute time. 8085A has on-chip clock and needs 
only 5V. High-speed (5 MHz) and CMOS versions of the 8085A are 
available. 


SOFTWARE 


Most of the many companies that supply 8080/8085 development sys- 
tems also supply the software. Also, many software houses have 8080/ 
8085 software in every conceivable category. 
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Z80 


AVAILABILITY: Now for 6- and 8-MHz NMOS and CMOS versions. 
COST: Because of the many aggressive second sources for this most- 
widely-used part, NMOS prices have dropped to $1 (6 MHz) and less 
(4 MHz); CMOS volume prices have dropped to $1.70 (6 MHz) and 
$1.30 (4 MHz), both in high volume. 

SECOND SOURCE: Sharp, SGS, NEC, Toshiba, and Thomson- 
Mostek. Toshiba, Sharp, and SGS as well as Zilog have CMOS ver- 
sions. Additional sources mentioned by Zilog are Gold Star, VLSI Tech- 
nology, and Rohm. 

CORE: Both Zilog and Hitachi are considering the Z80 P as an ASIC 
core in their enhanced versions, the 64180 and the Z280. 


Description: Superset of widely used 8080/85; adds hardware and 
software features. Not pin-for-pin compatible with 8080 or 8085, but 
can use 8080 software and peripherals—though to do so would not 
take full advantage of Z80, and its peripherals arid might require addi- 
tional logic for interfacing. 


HARDWARE 


PC (16) 
INDEX x" 


STD 
MEMORY ee] 


ADDRESS BUS (16) 


SPECIAL 


PERIPHERALS 
OR 


8080 “STD” 
PERIPHERALS 


CONTROL BUS 
DATA BUS (8) 


Notes: 

1. Support chips include peripheral interface (PIO), timer (CTC), serial 
communications (SIO), and DMA. All provide daisy-chained vectored 
interrupt for CPU and are being converted to CMOS. 

2. Several enhancements of Z80 exist or are imminent. All are in CMOS. 
The first is the Hitachi 64180, to which many Z80 designers are convert- 
ing. The second is the supplier's Z280, which boosts the Z80 into 
minicomputer performance. In addition, the NEC 78XX single-chip de- 
vice is similar. Most are covered elsewhere in this directory. 


HARDWARE 


From Zilog: ‘‘Z-Scan’’ emulator boxes that can be used alone or with 
host computers. Z-Scan-80 that will provide emulation for the Z80H 
($6695). 

From SGS: UX-8/22 development system based on CP/M and two 
8-in. floppy disks. Package for full-speed in-circuit emulation. 

From others: Some of the many third parties that supply Z80 hard- 
ware support are Applied Micro, Boston Systems, Emulogic, Hewlett- 
Packard, Huntsville Microsystems, Nicolet, Orion, Sophia Systems, 
Tektronix, and Zax. Contact Zilog for addresses. 
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CHARACTERISTICS 


SUPPORT 


a 


8-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


Status: By far the most successful 8-bit ~P. The Z80 is still being 
used in new designs but may be superseded by the new enhanced 
versions. Of these, the Hitachi 64180 seems to be the most popular, 
but the Zilog Z280 represents the greatest Z80 enhancement. Whatever 
happens, one thing is certain: The Z80’s momentum will probably last 
for the rest of this century, especially in ASIC core form. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8-bit arithmetic and logicals 

16-bit arithmetic BCD add and subtract 

Nine types of rotate and shift directly on any register or memory location 
Can set, reset, or test bit in any register or memory location 
lI—DATA-MOVEMENT INSTRUCTIONS 

8- or 16-bit register or memory loads 

Two index registers allow indexed addressing 

Extensive memory-block move/search commands 
lli—PROGRAM-MANIPULATION INSTR 

Uses 16-bit stack pointer with LIFO stack with RAM 

Relative-jump capability. Interrupt capability with three types of se- 
lectable response 

IV—PROGRAM-STATUS-MANIP INSTR 

Seven flag bits, including arithmetic and overflow, can be stored and 
tested 


Specification summary: Upwardly compatible with 8080A software, 
but adds 50 instructions, some of which are advance block-move and 
block-search macros. Instructions executed in 0.5 to 1.8 psec (1.5 
usec avg) for 8-MHz Z80 and 1.0 to 5.5 psec (2 psec avg) for 4-MHz 
Z80A. 6- and 8-MHz versions are also available. User can switch be- 
tween two identical banks of CPU registers for fast response to inter- 
rupts. NMOS circuitry requires single-phase clock and one 5V supply 
at 60 mA for Z80; 90 mA for Z80A. TTL-compatible |1/O and built-in 
automatic-refresh signals for dynamic RAMs. MiL-temperature parts 
available. CMOS version consumes only 15 mA at 4 MHz and less than 
10 A when in power-down (clock-stopped) mode. Housed in 40-pin 
DIP. CMOS versions available also in flat pack and PLCC. 


SOFTWARE 


From Zilog: Software for the various development systems. Macroas- 
sembler with relocatable assembler, linking loader, file-maintenance 
programs, and resident Basic, Cobol, C, Fortran, and PLZ (Zilog- 
created language that comes in ‘‘lower”’ level that mixes assembly-and 
system-language statements with a ‘‘higher’’ C language). Z80 has 
cross-software package (assembler, etc) that runs on DEC VAX or Zilog 
$8000 under Unix. 

From SGS: Software package for UX-8/22, including debugger, disas- 
sembler, and tracer. 

From others: A lot of software of all sorts, including the popular 
CP/M operating system (Digital Research) and the MS/X operating 
system (from Microsoft), which is popular in Japan. Contact Zilog for 
names and addresses of several dozen others. 
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OUR NEW 
R ENCODER 


Absolute & incremental laser 
rotary encoder 

- Patented laser technology 
-50,000-81,000 
sinusoidal or square © 
pulses per revolution 
- Compact 36mm to 
56mm diameter 


Gearmotors 

- Over 100 different 
combinations 

- Ratios from 5:1 to 3000:1 
- 25 to 20,000 g-cm 

rated torque 

- 1.3 to 830 rpm 

-6 to 24 VDC 

- Concentric or offset shaft 
- Gearheads from 20mm to 
54mm dia. 


PM Type Steppers 
- Low in cost, high in 
performance 
- Step angle 7.5 and 15 degrees 
- 35mm, 42mm and 55mm diameters 
Hybrid Type Steppers 
- Step angle 0.9 and 1.8 degrees 


- 39mm, 42mm and 56mm diameters 
* Modifications of standard units available 
in OEM quantities 


If you are an OEM with a requirement 
for sub-fractional DC motors call 
Canon directly or send for our 

free short form catalog. 


Canon 


CANON U.S.A. INC. Components Division 
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DC Motors & 
Laser Encoders 


Brushless 

- Inner and outer 

rotor types 

Axial and radial gap types 
- 30mm to 90mm 
diameter 

- 25 to 700 

g-cm starting 

| torque 

» With or without 
electronics 


Iron core 

- Over 70 models 

- 12mm to 52mm dia. 

- 12 g-cm to 9000 g-cm 
starting torque 

- Integral AC tach, optical 
encoder 

- Ball or sleeve bearings on 
some models 


Brushless DC box fans 
- Low cost 

- Long life 

- Low mechanical noise 
- High air flow 

- Sizes: 40mm to 120mm 


Coreless 

-12mm to 40mm dia. 

- 28 to 455 g-cm starting 
torque 

- Ball bearings available on 
some models 


See us at WESCON 
Booth #3003, 3004, 3005. 


New York Office/Headquarters 
One Canon Plaza, Lake Success, NY 11042 * (516) 488-6700 « FAX: (516) 354-1114 


Santa Clara Office 
4000 Burton Drive, Santa Clara, CA 95054 « (408) 986-8780 + FAX: (408) 986-1557 


CIRCLE NO 153 
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the beat goes on.... 


_.. WITH SENSYM AT THE HEART. 


Pressure Sensors 


Sensym offers the industry's 
broadest line of solid state pressure 
sensors. For example, the new SCX 
series pressure sensors offer: 


® Guaranteed precision over 
temperature: 1% max! 
® Calibrated zero: 300 vV max! 
e 26 models. From 0-1 psi up to 
0-100 psi 
e S15 each in 100 piece quantities 


1255 Reamwood Avenue ®@ 
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Solid-State Accelerometers 


Sensym Offers the latest in 
micromachined semiconductor 
accelerometers. They’re available in 
ranges from 2 g’s to 200g's. 


And, for only $57 each in single 
piece quantities. 


Visit us at the Sensors Expo 


Booth #814 
Sen 
Sunnyvale, CA 94089 


CIRCLE NO 154 


Sensor Handbook 
F R E E 


The new 1988 handbook features over 
200 pages of the latest product and 
application information on: 


Solid State Accelerometers 
is Silicon Pressure Sensors 
Ls Media Isolated Transducers 
in Ultra Low Pressure Series 

(10” HO Full Scale) 

Lag Sensor Modules 


Call us today for your free copy. 
© Tel.: |408| 744-1500 
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SSS 


HD 64180, Z180 


AVAILABILITY: Now for 6-, 8-, and 10-MHz parts. 

COST: For 10-MHz parts, $20 (100) and $18 (1000). 

SECOND SOURCE: Zilog. 

CORE: Hitachi considers basic 64180 a standard cell for building high- 
integration Ps and Cs. 


Description: Enhancement of Z80 with various peripheral functions 
such as memory management (to reach larger, 1M-byte, memory 
space), 2 DMA channels, 2 serial ports, timers, etc, added on CMOS 
CPU chip. R-suffix versions will have ‘‘total’’ compatibility with Z80- 
family peripheral chips. Hitachi 647180 with on-chip EPROM represents 
first 1-chip Z80 wC. 


HARDWARE 


| | Prenepasowsn | 
|  _ BPPIONAL INSTRUCTIONS §=—s | 


eR ||SUFFER] 


CONTROL 
BUS BUS BUS 


Hardware Notes: 

1. Diagram is for basic 64180 core. Hitachi plans to expand upon this 
core. 

2. The 647180 is 1-chip version of 64180 in which 16k bytes of EPROM 
and 512 bytes of RAM have been added along with another 16-bit 
timer, 6-channel analog comparator, and 54 I/O pins. It comes in win- 
dowless plastic 84-pin PLCC and 80-pin flat pack. Because of EPROM, 
Hitachi bills this style ~C as a Zero Turn Around Time (ZTAT) part, 
saying it is cost effective up to 5k volume. 


HARDWARE 


ASE Adaptive System Emulator ($7000) plus H6805M01S, a 256k-byte 
memory board for use with IBM PC, HP6400, or DEC VAX as host. 
Real-time operation up to 8 MHz and real-time tracer buffer for 2048 
machine cycles. All hardware lines are captured, and the trace is auto- 
matically disassembled. 

American Automation AA 572-64180 real-time in-circuit emulator for 
use with company’s E2-PRO development host. 

Hewlett-Packard and Tektronix offer support on their development sys- 
tems and logic analyzers. 

Contact suppliers for the many other third parties. 
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CHARACTERISTICS 


SUPPORT 


8-BIT CMOS 


Hitachi America Ltd 
Semiconductor and IC Div 
2210 O’Toole Ave 

San Jose, CA 95131 
Phone (408) 435-8300 


Status: Another CMOS enhancement of the widely used Z80. This 
one has on-chip MMU, multiple DMA channels, and UART like the Zilog 
2280, but it’s not as ambitious. It doesn’t have sophisticated big- 
computer features such as separate privileged ‘‘system”’ control regis- 
ters nor does it have a cache. Moreover, the 64180’s MMU is not for 
virtual and protected memory; it translates between the Z80 64k aa- 
dress space and the 1M-byte space reached externally by the 64180. 
It has received a boost from all the Z80 users and third-party supporters 
of the venerable Z80. Hitachi predicts a buildup to 10 million units by ’89. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Unsigned 8 x 8=16 multiply 

Nondestructive ANDs for comparing 1/O ports, immediate data, and 
memory to accumulator 

li—DATA-MOVEMENT INSTRUCTIONS 

Immediately addressed locations 

Block output to I/O. (Must set up MMU bank registers to translate 
between 64k of Z80 and 512k external) 

V—POWER-SAVING INSTRUCTIONS 

Sleep command disconnects processor from clock. (Interrupt or reset 
will reconnect) 


Software Notes: 

1. Only new instructions beyond Z80 instructions listed. 

2. The MMU adds base registers to Z80 16-bit addresses to produce 
the 19-bit addresses needed externally. 

3. Trap interrupt can be used both for catching undefined op codes 
and for allowing users to extend instruction set. 


Specification summary: Object-code compatible with Z80 (and 
8080, 8085). Pipelined CPU. On-chip MMU generates 19 bits (512k to 
1M bytes) external physical address space. 2-channel DMAC (direct- 
memory-access controller), 2-channel asynchronous serial port, syn- 
chronous (clocked) serial port. Can interface to 8080 or 6800/6500 
buses (R-suffixed versions are matched to Z80-family peripherals). 
CMOS 50 mW at 4 MHz with lower power in sleep and halt modes. 
Packaged in 64-pin DIP and 68-pin PLCC. 


SOFTWARE 


Microtec Research (Santa Clara, CA) is supplying macroassembler, 
utilities, Pascal, and C compilers (to run on IBM PC and DEC VAX 
hosts). Also, Avocet (Rockport, ME) and Allen Ashley (Pasedena, CA) 
have announced IBM PC-based assemblers. Hitachi provides help so 
that the additional 64180 instructions can be treated as macros on a 
Z80 macroassembler. Boston Systems Office (Waltham, MA) has VAX- 
hosted assembler ($3900). Software compatible with CP/M (Digital Re- 
search) and MSX (Microsoft) operating systems (latter being result of 
project for Japanese market). 

American Automation has cross-software to go with development hard- 
ware (assembler, C compiler, and debugger). 

Archimedes (San Francisco, CA) has C compiler ($995 for IBM PC; 
$3995 for MicroVAX; and $5995 for VAX). 
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Z280 


AVAILABILITY: Now. 

COST: About $15 in large volumes. 

SECOND SOURCE: None announced, but supplier says it has strong 
interest from major European and Far East semiconductor houses. 
CORE: Zilog is incorporating elements of Z280 in its megacell library 
so it can rapidly put together new combinations. However, it does not 
plan to offer ASIC tools to customers. 


Description: Enhanced Z80 »P, upgraded to the point that it has 
most of the features of larger 16/32-bit machines. It has ‘‘privileged”’ 
system-control hardware and associated software for multiuser, multi- 
tasking operating systems. It has memory management for virtual mem- 
ory and incorporates cache to achieve high throughput with moderate- 
speed external memories. 


HARDWARE 
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Hardware Notes: 

1. Diagram indicates how basic Z80 CPU has been enhanced by adding 
other functions to the chip: Not so apparent are other enhancements 
to the Z80 CPU, such as more powerful, generalized 16-bit data and 
addressing operations. 

2. Zilog says the integration not only lowers system cost but provides 
a speed advantage: When all subsystems are on chip, the system speed 
automatically increases. 


PIN SELECTABLE 
BUS OPTIONS 


3- 16 7 0 Z80 BUS 
er 8 15 O UNIVERSAL BUS 


(PLUS ADDRESS 


CONTROL 


HARDWARE 


From Zilog: ICE chip (1st qtr 89) and evaluation board. 

From others: Softaid (Columbia, MD) has a low-cost real-time devel- 
opment system, and CDS (Statesville, NC) offers evaluation boards for 
several popular buses. Also logic analyzers are sold by Hewlett-Packard 
and Tektronix. 
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CHARACTERISTICS 


SUPPORT 


_—————— eee 


8/16-BIT CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


Status: The Z280 became available in late '87. Basically, the Z280 
lets designers upgrade Z80-based personal computers into multiuser 
systems that have large virtual memories and, claims Zilog, high per- 
formance. Zilog says it is finding a great deal of interest, especially in 
Europe and Japan, where Z80-based personal computers have per- 
sisted. Compared with other Z80 enhancements, such as the Hitachi 
64180 (which Zilog second sources), the Z280 offers a greater perform- 
ance edge. Zilog is also pushing the Z280 as upgrade for the many 
dedicated systems using Z80s as embedded controllers. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

16 x 16=32 multiply and 32/16= 16 divide 

Extended block mode manipulates data in blocks. (Can be used with 
supplier's Z8070 IEEE floating point coprocessor) 
ll—DATA-MOVEMENT INSTRUCTIONS 

New addressing modes for more general 16-bit use of Z80's 16-bit 
registers (HL, DE, BC pairs) 

Instructions to communicate with coprocessors 
lli—PROGRAM-MANIPULATION INSTR 

Jump on auxiliary accumulator/flag 

Jump on auxiliary register file in use 

System call 

IV—PROGRAM-STATUS-MANIP INSTR 

New master status register; see category V instructions 
V—SYSTEM CONTROL INSTRUCTIONS 

New instructions for added system-control registers. These are privi- 
leged instructions to permit operating system to define the system 
configuration upon start-up, to use the new system stack pointer, mas- 
ter status register, and set up the cache’s mode of operation 


Software Note: Only those instructions that are enhancements of 
basic Z80 set are covered. Otherwise, the Z280 is object-code compat- 
ible with Z80 (and 8080). 


Specification summary: The Z80 upwardly enhanced toward a gen- 
eral-register 16-bit minicomputer. On-chip memory management to ad- 
dress aS much as 16M bytes of external memory. CPU is 3-stage 
pipelined with on-chip 256-byte program and data cache to automati- 
cally keep recently used instruction on chip for fast—to 2 MIPS— 
execution at 10-MHz internal bus clock. Planned mask shrink from initial 
2-4m geometry to 1.5 4m is expected to allow 25-MHz clock. Future 
mask improvements are expected to allow speeds to 50 MHz. The I/O 
is pin programmable to match either 8-bit Z80 bus or 16-bit ‘‘universal’”’ 
bus. Also included on chip are four 16-bit timer/counters, four DMA 
channel controllers, dynamic memory refresh control, and a serial UART 
port. The Z280 will be fabricated in static CMOS and housed in 68-pin 
PCC package; other options planned for future as requested by custom- 
ers. 


SOFTWARE 


From Zilog: You can obtain a debug monitor program and a cross- 
assembler with Zilog’s evaluation board. Zilog plans no other software 
support. 

From others: 2500 AD is shipping a cross-assembler and is reported 
to be working on a C compiler. CDS offers both a cross-assembler and 
a C complier. 
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TEXAS INSTRUMENTS REPORTS ON 


IN THE ERA OF 


MegaChip 


TECHNOLOGIES 


Graphics in the Era of MegaChip Technologies: 


Why do industry leaders 
phics processors from 


GraphOn “Imagaph Maton ~~ National Design, Inc “NEC Home Electronics 


pick industry-leading 


‘Texas Instruments? 


tretching across the bottom of 

these pages is but a fraction of 
the hundreds of systems based on TT’s 
industry-standard TMS340 graphics 
family. At the left is a Sun-3 utilizing TT’s 
leadership ’74ACT8800 building-block 
processor family. Which only goes to 
prove designers choose TI graphics prod- 
ucts for everything from workstations to 
PCs, from laser printers to arcade games. 

They get design options that allow 
them to differentiate their products and 
to better tailor price and performance to 
their markets. 

They also move to market faster with 
less risk. TI graphics products are proven, 
available, fully supported—the standard 
by which others are measured. 

Let a few of the designers tell you about 
their choices: 


“The TMS34010 was the only 
graphics processor that could 
meet the performance 
requirements of our laser plotter 


controller.” 
—AI Sabel, Advanced Products Manager, 
Xerox Corporation 
The Xerox 8836 had to produce D- and 
E-sized drawings with a resolution of 400 
dots per inch at a con- 
stant speed of one 
inch per second. The 
34010 delivered: Six 
million instructions 
per second with a 
“draw” rate of up to 
50 million pixels per 
second. 


“The programmability and 
architecture of the TMS34010 
provide the performance and 
flexibility we need for color- and 
eraphics-intensive printer 
products.” 

—Dr. Donald Parker, Exec. V.P. Products 
& Technology, QMS, Inc. 
Because the 34010 is programmable, 

OMS was able to build 
a printer that their cus- 

tomers could program 

to accept scanned 


to provide 


put as well as hard 
copy with multiple printer support. 


“TT’s ACT8800 technology 
allows our TAAC-1 application 
accelerator to significantly boost 
the computing power of a Sun 
workstation for imaging and 
graphics applications.” 

—Nick England, Director Application 
Accelerator Group, Sun Microsystems, 
Graphics Products Division 

“The 8800's power lets us combine the 

functionality of an image processor, an 

interactive graphics device, and an array 


processor in a single product and still offer 


user programmability.” 

There’s more in store from the 
ACT8800 family. The recently disclosed 
8847 floating-point processor combines 
two 64-bit functions on a single chip: A 
floating-point multiplier and a floating- 


color input and 


high-speed 
color out- 


point arithmetic logic unit. Its number- 


crunching capability: 33 MFLOPS. 


“In designing graphics systems, 


you can’t forget about tomorrow. 


And TI hasn’t.” 
—Canl Calabria, Director of Engineering, 
Truevision® Inc. 
“The 34010 enables our True Vista® video 
graphics boards to bring workstation 
performance to IBM® compatibles and 
Mac Ils. It is the only graphics chip that 
will allow us to migrate our applications 
software to even higher-performance 
second-generation TMS340-based 
systems.” See road map on next page. 

The TMS340 second-generation 
processor is three to 20 times faster than 
the 34010. It is user configurable, 
software and plug-in compatible. 

Two other products designed in parallel 
with the new TMS340 processor are the 
One-Megabit Video RAM and the 
industry-first floating-point graphics 
processor, with on-board, high-level 
graphics instructions. 

The One-Megabit VRAM enhances 
the performance of the 34010. And 
when used in tandem with the second- 
generation processor, performance is 
improved up to 50 times over other 
processor/VRAM combinations. 

The floating-point graphics processor 
executes up to 40 MFLOPS and inter- 
faces directly with the address and data 
buses of the second-generation TMS340, 
allowing it to perform computation- 
intensive functions more than 10 times 
faster than current PCs. 


support, turn the page. 


Renaissance GRX 


Truevision 


Vermont Microsystems Vectrix 


8836 
Multiplier 


34061 eee 010 aed | | | 


Video System 
Controller 


Memory 
Products 


Tl’s growing graphics family will generate opportunities for the design of an even greater spectrum of graphics systems, matched much more precisely to 


the price and performance needs of the market. Selected TI graphics products are available processed to MIL-STD-883B. The 4161 64K VRAM is now 


available only in military versions, and a military-specified 34010 is on the way. 


..eand Tl’s comprehensive support 


will get you there. 


Many designers find they complete their 
designs faster because of the extensive 
hardware and software supporting TT’s 
graphics products. That for the new 
TMS340 family includes assemblers, 
linkers, simulators, compilers, software- 
development boards, and in-circuit 
emulators. New additions make this 
support even more helpful: 

An 8514/A Emulation Library 
enables the TMS34010 processor to 
transparently emulate the 8514/A 


Texas Instruments Incorporated 


high-resolution color graphics add-in 
board developed by IBM for the Personal 
System/2™ line. 

A CCITT Function Library 
allows the 34010 to operate as a high- 
performance embedded controller for 
image compression and decompression 
in fax applications. 

A new paint program in the 34010 
math/graphics function library provides 
everything necessary for drawing images 
on-screen. 


Equally important, third-party 
support for the TMS340 family now 
tops 100 firms. Names and product 
descriptions are listed in TI’s TMS34010 
Third Party Guide. 

ACT8800 evaluation and verification 
tools include functional and behavioral _ 
models and microcode-development soft- 
ware. An 8800 Software-Development 
Board and supporting software permit 
users to evaluate performance and write 
microcode for most ACT8800-family 
building blocks. 

Join the many industry leaders 
who are using Tl’s graphics products in 


INSTRUMENTS 


AREA CODE TELEPHONE EXT. 


PO. Box 809066 ie | applications from plotters to games. An 
Dallas, Texas 75380-9066 easy way to get started is to complete 
| and return the coupon today. Or call 
Yes, please send me information on T1’s graphics products. | 1-800-232-3200, ext. 3513. 
™ MegaChip is a trademark of Texas Instruments 
| Incorporated. Personal System/2 is a trademark of 
International Business Machines Corporation. 
| ® Truevision and True Vista are registered trademarks 
of Truevision Inc. IBM is a registered trademark of 
International Business Machines Corporation. 
NAME | © 1988 TI SPVRQ79 08-8184 
TITLE | 
COMPANY | 
| e 
ADDRESS | 
CITY STATE ZIP | EXAS 


6800/6802 AND 6809/6309 


AVAILABILITY: Now. 

COST: As with other mature Ps, costs have dropped (to a few dollars 
per P), except when a part is at end of its life, in which case prices 
might rise again. 

SECOND SOURCE: Hitachi, Fujitsu, and Thomson Semiconducteurs. 


Description: The 8-bit 6800 CPU was the original part in the family 
named after it. That family has been broadened to include not only the 
2-chip 6802/6846 and 6809 covered here but also the 1-chip 6801, the 
low-end 1-chip devices, and the 6804 and the 6805. Note, though, that 
new CPU members of family aren’t precisely compatible with the original 
6800, especially at the low and high ends. Even the 6809 here is only 
software compatible with the original 6800 at source-code level. 


HARDWARE 


ower nora ee ee een ee ee ee ee eae ae ae eee 


<-_— 16—BIT ADDRESS BUS 
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PC (8) + (8) 
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2¢ 
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Notes: 

1. Diagram shows 6800 and 6802. The 6809 has another 16-bit index 
and a second ‘‘user’’ stack pointer, which make the 6809 more powerful 
than the 6800; these additional resources give the 6809 many more 
instructions. On simple benchmarks, the 6809 is 270% faster than the 
equivalent-speed 6800, programs in 42% fewer instructions, and uses 
33% less code. 

2. Basic 6809 version has on-chip clock. A minimum system results 
with the following parts: 6809, 6810, and 6846. 6809E version has 
off-chip clock. An early valid-memory-address (VMA) signal on 6809E 
allows 3-MHz bus operation with a 2-MHz memory. External clock 
permits multiprocessing. 

3. The memory-management unit (6829) allows the 6809 to run 32 
concurrent protected tasks (per management unit) in 2M-byte address 
space. 

4. Hitachi CMOS version (6309) has 2-, 2.5-, and 3-MHz bus timing, 
and the Sync and CWAI instructions allow a low-power sleep mode. 


CLOCK 
DESCRIP- | SPEED |ROM| RAM COST 
TION (MHz) | x(8) | x(8) | AVAIL |(100 QTY) 
CPU 1-2 NOW | $4-$5 
NEEDS 2 
CLOCK 
1-2 


— 128 | NOW |$4-$5 


(4 MHz 
EXT) 
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HARDWARE 


From Motorola: Emulators range from low-cost (hundreds of dollars) 
nate to HDS-300 system (about $5000) plus personality modules 
($5000). 

Support systems and OEM boards available from Motorola Semicon- 
ductor Div, 5005 E McDowell Rd, Phoenix, AZ 85008. Phone (602) 
244-6900 or (602) 438-3500. 

From others: Tektronix and Hewlett-Packard development systems 
support the 6800. Micro Industries (Westerville, OH) says it has acquired 
an exclusive license to Motorola ‘“‘Micromodule”’ 8-bit boards. 
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CHARACTERISTICS 


SUPPORT 


ee eee... 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 
6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 


Status: Introduced in 1974, the 6800 has been the foundation of one 
of the longest lived and broadest p»P families of all. Among its progeny 
must be included the 6809 covered here and the following Motorola 
uPs and wCs, which are described elsewhere in this directory: the 
6804, 6805, 6801, and 68HC11. The 6800 itself is now past its prime 
and is not recommended for new designs; we retain it in the directory 
for reference. But the newer 6802 and 6809 continue to be shipped in 
volume. For new designs, Motorola steers designers either upwards 
to 16- and 32-bit 68000 family (68008 has 8-bit bus) or downwards to 
the 68HC11. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic 

Instructions to take advantage of two accumulators 

6809 has unsigned 8 x 8 multiply with 16-bit product 
li—DATA-MOVEMENT INSTRUCTIONS 

Can reach the first 256 locations of memory with short instructions 
6809 can use four index registers for merging three source blocks into 
one destination block 

Can autoincrement and autodecrement by one or two directly and indi- 
rectly. (Page zero can be software relocated during program execution, 
effectively increasing its size) 

Indexing uses the “true indexing” relationship between base and offset 
(0, 5, 8, 16 bits) rather than the 6800 relationship 

Can utilize the user stack for Polish-notation operations or interpretive 
languages 

lli—_-PROGRAM-MANIPULATION INSTR 

Has PDP-11-type branches and conditional branches. Unlimited subrou- 
tine nesting via stack pointer addressing LIFO stacks in RAM 

Does not have vectored interrupt, but can achieve function with soft- 
ware (or with 6828 priority interrupt controller) 

6809 has extensive relative addressing with wide reach, which allows 
creation of position-independent code and opens door to use of off-the- 
shelf, mass-produced standard firmware in ROMs 
iV—PROGRAM-STATUS-MANIP INSTR 

6809 has instructions for manipulating the status register (condition- 
code register). It may be transferred or exchanged with any 8-bit regis- 
ter, or pushed or pulled on either stack; any number of flag bits may 
be set or cleared in one instruction 

V—POWER-SAVING INSTRUCTIONS 

6309 has SYNC and CWAI to put CMOS CPU in sleep mode. Sync 
instruction stops »P until it gets go-ahead signal from interrupt line 


Specification summary for 6800: Common-memory architecture 
with 16-bit (64k-byte) memory space for instructions, data, and 1/O; all 
data 8 bits wide. Instruction set patterned after the PDP-11 mini as 
closely as possible in shorter word machine with limited CPU registers. 
Execution times from 2 to 5 wsec. NMOS circuitry requires one 5V 
supply, 500 mW; housed in 40-pin DIP. Versions with —55 to + 125°C 
range also available. 

Specification summary for 6809: An 8-bit machine with extensive 
16-bit addressing capability. Has two 16-bit index registers and a 16-bit 
user stack pointer that can also be software-specified as a third index 
register. Upwardly compatible with 6800, but only at source-code level. 
Bus operates at 2 MHz, so basic speed is similar to that of 6800, but 
greater efficiency of 16-bit addressing increases throughput. Instruction 
set has 59 mnemonics and seven addressing selections for a total of 
1464 instruction-addressing options. Instructions vary in length from 1 
to 5 bytes, with register-inherent operations executing in 1 psec at 
2-MHz bus speed (320-nsec memory access). Longest instruction takes 
20 cycles. The 6800 direct or page-zero register is retained but can 
be software relocated anywhere in memory via programmable register. 
The chip requires one 5V supply. Two versions, each in 40-pin DIP. 


SOFTWARE 


From Motorola: Software can be obtained free for downloading over 
phone lines by calling (512) 440-3733. The basic assemblers and other 
tools are for IBM PC. 

Two versions of Basic are available for the 6809: Basic-M and Basic09. 
The latter is designed to be fast and to permit structured programming. 
A Pascal compiler diskette is available. 
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650X, 65COX 


AVAILABILITY: Now. 

COST: The prices for both NMOS and CMOS were said to have 
dropped to less than $1. However, ‘‘legitimate’’ US price said to be 
$2 to $3 for NMOS and twice that for CMOS. 

SECOND SOURCE: Rockwell, California Micro Devices, NCR, and 
WDC (Western Design Center). WDC created some of the CMOS de- 
signs, which it has licensed (UMC in Taiwan, ITT-Intermetall in West 
Germany, etc), which is one explanation why second sources have 
proliferated. 

CORE: WDC claims to have developed the semicustom 6502 core as 
NCR and others now use it. Many suppliers now specify it as part of 
their cell libraries. 


Description: Original design team’s goal was to achieve as much 
PDP-11-style addressing capability as would fit in an economical chip. 
Because of the »P’s short 8-bit index registers, it is optimally suited 
only to applications requiring access of smaller blocks of memory (al- 
though it benchmarks ahead of most other 8-bit ~.Ps with respect to its 
speed of execution of high-level languages such as Basic and Pascal). 
New CMOS parts also have small economical die that gets still smaller 
with today’s finer geometries. See 6500/1 for 1-chip versions and 
65SC816/802 for 16-bit-internal version. 


HARDWARE 


(NOT 3-STATE) 


DRIVERS A) 
PC INCREMENT 


CONTROL ROM 


_, CONTROL LOGIC _ 


(12) FOR 6503, 6505 (13) FOR 6504 (28-PIN DIP) 


CONTROL BUS 
DATA BUS (8) 


ADDRESS BUS: (16) FOR 6501, 6502 (40-PIN DIP) 


t f TWO INTERRUPTS, ONE MASKABLE 


Notes on CMOS versions: 

1. CMOS 65CXX family members are slight enhancements of NMOS 
counterparts and can serve as plug-in replacements. 

2. Among hardware enhancements are new 4-phase clock that gives 
decreased memory access time and a memory-lock (ML) output and 
bus-enable (BE) input that simplify multiprocessor designs. 

3. Among the software enhancements are the treating of all unused 
op codes as NOPs and removing the page-boundary restrictions on 
JMP indirect. 

4. Decimal mode is automatically set Off upon reset or interrupt, and 
the N, V, and Z flags are made active during decimal mode. 

5. A BRK followed by interrupt is executed. 

6. See instruction set for comments on new instructions. 


HARDWARE — 


From Rockwell: LCE low-cost emulator ($1250) that will optionally 
interface to IBM PC host. 

From Western Design Center: Toolbox Design System in-circuit 
emulator (ICE) runs with an Apple IIGS host and can communicate with 
an IBM PC via a serial link ($4995). 

From California Micro Devices: GEM-| in-circuit emulator package 
($3750) capable of interfacing with a variety of host computers including 
ISIS development system and Apple. Functions as a stand-alone as- 
sembler and disassembler using a nonintelligent terminal. Evaluation 
board for 65SC150 ($499) that functions as in-circuit system when 
coupled with GEM-I. 

From NCR: Hardware emulator interfaces to Apple Ile through RS- 
232C. Allows complete in-circuit software debug. 

From Dynatem (irvine, CA): AIM-65 single-board computer and 
RM industrial modules. 
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CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


Originator Commodore (Westchester, PA) no longer sells 
chips to the merchant market. Contact second sources. 


Status: The falling share of market for this ~P appears to indicate 
that it has reached the end of its lifecycle. However, the architecture 
lives on in the form of 1-chip versions (see 6500/1 and especially the 
50740) and ASIC versions. Some of these have very large unit volumes, 
so the 6502 architecture may remain, by volume, the leading 8-bit archi- 
tecture in the world. WDC is shipping 8-MHz parts and claims to be 
developing even faster chips. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logical. Decimal mode via control bit in status register. 
Can operate on locations in memory space (which can be either RAM 
or 1/O ports). CMOS parts have bit manipulation 
ll—DATA-MOVEMENT INSTRUCTIONS 

True indexed addressing, though index offset limited to 8 bits in two 
CPU registers—X and Y. Short-form addressing to zero page. Has two 
sophisticated indirect-indexed and indexed-indirect instructions for han- 
dling tables. CMOS parts have indexed absolute indirect and zero-page 
indirect 

lli—-PROGRAM-MANIPULATION INSTR 

Conditional branches with signed relative addresses. Nonmaskable 
and/or maskable interrupt, depending on model. CMOS parts have 
branches on bit test 

Stack pointer for implementing 256-byte LIFO in external RAM 
iV—PROGRAM-STATUS-MANIP INSTR 

Push and pull status register from memory stack. Set and clear carry, 
decimal mode and interrupt bits. (6502 and 6512 have external input 
to one status bit, useful for handshaking with peripherals) 
V—POWER-SAVING INSTRUCTIONS 

WAIT and STOP on 65C02 respectively stop processor and disconnect 
clock to lower power consumption 


Specification summary: Common-memory architecture with in- 
structions, data, and I/O in same 64k-byte space; 57 instructions (68 
for CMOS). Many instructions provide choice of 13 PDP-11-type ad- 
dressing modes (15 for CMOS). Advanced indexed-indirect addressing 
mode. NMOS and CMOS silicon-gate, depletion-mode circuitry requires 
one 5V, 250-mV supply. Some CMOS parts can run at 8-MHz clock 
(125 nsec/cycle). CMOS parts require 4 mA/MHz for operation and 10 
»W for standby. 


SOFTWARE 


From Rockwell: Cross software for Intel ISIS-IIl and personal devel- 
opment system ($250). Support (in firmware) for assembly ($35), monitor 
($65), Basic ($65), PL/65 ($85), Forth ($65), Pascal-“‘instant’’ ($100), 
math package ($35), and disk operating system ($50). 

From California Micro Devices: 65SC00 macroassembler for Apple 
Computer ($100), assembler for Intel ISIS ($1800), and Fortran assem- 
bler ($1800). 

From NCR: Monitor for use in conjunction with emulator. Supports 
breakpoint, change memory and registers, software trace and real-time 
execution, etc. 

From others: Because the 6500 has been so widely used, there are 
innumerable sources of software at different language levels; for exam- 
ple, Byte Works (Albuquerque, NM); S-C Software (Dallas, TX); Roger- 
Wagner Publishing (El Cajon, CA); and 2500 AD (Aurora, CO). 
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And it's no wonder they want 


Whats so special about 
our 8 BIT microcontrollers? 
(Only our customers know.for sure.) 


to keep it to themselves. 

Not only is MHS one of the world 
leaders in CMOS microcontroller technology, 
with over 7 million units delivered to date. 
We're also one of the fastest suppliers, 
delivering both standard and customized 
parts to our customers’ doorsteps — 
anywhere in the world — in no time flat. 

It would seem that they appreciate 
it. Qur customers have made us the No. 3 


supplier of 80051 microcontrollers worldwide. 


In Europe, they've made us No. 1. 

That's not all. The MHS product 
line gives our customers unrivalled freedom 
of choice. 


MATRA DESIGN SEMICONDUCTOR 
2895 Northwest Parkway 

SANTA CLARA CA 95015, USA 
Tel.: 408-986 9000 - Tx 299 656 
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Do they want 4, 8 
or 16 Kbytes of ROM? No problem. 
32 K? We can do it. On-chip RAM: 128 or 
256 bytes? Their wish is our command. 


Part- ROM RAM Timers Special features 
number —_ (Kbytes) (bytes) 


80051 4 128 2 Quick ROM 18 MHz 
80052 —s«#8B 256 3 Quick ROM 18 MHz 
830154 16 256 3 Extra modes 
830158 32 256 3 Extra modes 
800752 4 128 2 Keyboard controller 


They can also choose from a range 
of operating clock speeds from zero all the 
way up to 18 MHz, or from our fuil choice 
of packages and temperature ranges. Not to 
mention low-voltage (down to 2.7 V!) or 
“Secret ROM" versions. 


MATRA HARRIS SEMICONDUCTEURS 

BP 309 

78054 SAINT-QUENTIN-EN-YVELINES CEDEX 
FRANCE - Tel.: (1) 30.60.70.00 - Tx 697 317 


With the MHS “Quick ROM" 
service, they have customized samples or 
production parts sitting on their desks in just 
two or three weeks. ROMless 8031/32 
parts are there before they even know It 

So next time our customers get out 
of hand, you'll understand why. 


The best-kept secret 
in semiconductor technology. 


CIRCLE NO 155 


MHS. A subsidiary of the MATRA Group 


wiin the system! 


¢ Our backshell design eliminates the need for gates and 

: grommets, while allowing for a straight or right angle 

cable exit path. 

These are just some of the many features Holmberg 
has to offer to help make you more competitive by 
reducing your applied cost. Our cabling system 
provides you with competitively priced, domestically- 

» manufactured components that have earned a quality 
reputation throughout the industry. 

It pays to specify the HOLMBERG system! 


4 [Ja HOLMBERG 

== ELECTRONICS 
P.0. Box 37 * Asheville Hwy. 
Inman, SC 29349 USA * (803) 472-4141 


FAX: 803-472-3985 (Customer Service) 
FAX: 803-472-8568 (Marketing/Engineering) 


© 1988 Holmberg Electronics 


Holmberg’s cable applied products sy 
complete line of high quality D-submin 
components including: 
¢ 9 through 50 position male and 
female connectors 
¢ snap-together plastic and metalized backshells 
¢ gold plated 20 to 30 AWG contacts 
e an automated stripper/crimper machine for 
volume applications 
This cabling system approach allows you to put total 
quality responsibility upon Holmberg Electronics. We'll 
stand behind the components, the tooling and 
the termination. 
Our unique stripper/crimper machine and snap- 
together backshells will substantially reduce your 
assembly time and component inventory. 
¢ Our electrically-driven stripper/crimper machine 
is easily adjustable to handle 20 to 30 
AWG applications. 


CIRCLE NO 196 


65C816/65C802 


AVAILABILITY: Now for 2-, 4-, 6-, and 8-MHz parts. 

COST: In 100 qty, plastic, $20 for 816 and 802. 

SECOND SOURCE: VLSI and California Micro Devices said to be 
main sources, but WDC says it has licensed others in US and abroad. 
(Mitsubishi says it will be doing a version of its 50740 6502-based 
1-chip device that will also have a 16-bit internal architecture.) 

CORE: All suppliers are considering this as »P megacell in their librar- 
ies, but WDC has most commitment to its ASIC use. 


Description: CMOS 8/16-bit .Ps featuring software compatibility with 
8-bit 6502 (both original NMOS 6502 and enhanced CMOS 65C02). 
The 802 is pin-for-pin compatible with the 6502, so it can be plugged 
into existing sockets. The 816 has a different pinout but expands the 
addressing range of the 6502 from 64k to 16M bytes. Additional hard- 
ware enhancements on the 816 allow it to be used for multiprocessor 
systems and in systems that have data and program caches. 


HARDWARE 
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—— CHARACTERISTICS 


8/16-BIT CMOS 


Western Design Center Inc 
2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 


Status: Apple’s use of the 65C816 in the IIGS upgrade of the widely 
used Apple computer provides a firm basis for hardware and software 
availability. Software support is growing as third-party houses that have 
supported the 6502-based Apple computers convert software to take 
advantage of the expanded memory and other capabilities of the 
65C816. One indication of breadth of software support is Byte Works 
claim that it has delivered several hundred of its software-development 
tools. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

The 6502/65C02 instructions with 16-bit versions of add, subtract, BCD, 
and logicals. No multiply, but future 65C832 version will have provisions 
for floating point on chip 

lI—DATA-MOVEMENT INSTRUCTIONS 

6502/65C02 instructions, but with choice of 8- or 16-bit indexing and 
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8- or 16-bit data widths 

On 816, addressing can span 16M bytes with aid of paging through 
new register extensions. New block-move (forward or backward) in- 
structions. Increased stack-pointer addressing modes, including stack 
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DATA BUS 


ADDRESS BUS TO 24 BITS ON 816 


Hardware Notes: 

1. Compare diagram with previous 6502/65SC02 (elsewhere in direc- 
tory) to see nature of architectural enhancements. The 8-bit registers 
have been widened to 16 bits and the 16-bit registers widened to 24 bits. 
2. The new control-bus outputs on the 816 facilitate multiprocessing, 
caching, and virtual memory. 

3. The new control-bus inputs on the 816 allow you to abort instructions 
for virtual memory and to control bus access. 

4. Apple is said to have had to resort to special semicustom chips to 
allow the Apple IIGS to operate efficiently and at full system-level speed. 


HARDWARE 


From Western Design Center: The Toolbox Design System in- 
circuit emulator (ICE) runs with an Apple !IGS host and can communi- 
cate with an IBM PC over a serial link ($4995). 

From California Micro Devices: Prototyping board for 816. 

From Microtek Lab Inc (Gardena, CA): |n-circuit emulation. 
From Dynatem (Irvine, CA): RME-1600 board with 65C816. 

From Apple (Cupertino, CA): The Apple IIGS personal computer 
($700 to $1300) for use as development platform because it uses 
65C816. 
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SUPPORT 


relative, indirect, and indexed 

lli—PROGRAM-MANIPULATION INSTR 

Wait for interrupt, stop clock (restart via interrupt). (Abort instruction 
on 816 via pin input acts like interrupt and directs program to perform 
memory repair and retry) 

IV—PROGRAM-STATUS-MANIP INSTR 

Additional bits in status register allow software selection of 8- or 16-bit 
modes for indexing and data. Also, new E bit associated with status 
register (but not handled as part of it) provides software choice of 
emulation or native mode 


Software Notes: 

1. Upon reset, 802 and 816 are in 6502 emulation mode. To go to native 
(enhanced) mode, the E bit must be reset to 0 via an exchange with 
previously reset carry bit in status register. 

2. Full-sized 16-bit registers reported to facilitate high-level-language 
compiler writing as compared with 6502. The 16-bit index registers and 
the 16-bit stack pointer with no page-1 confinement help. Further, the 
more sophisticated stack-pointer addressing modes directly serve 
needs of compiler writers. 

3. Tendency of new native (enhanced) mode coding to become trickier 
than 6502, because of tightly packed architecture (all 256 op codes 
used) and opportunity to flip back and forth dynamically between modes 
and between register and data widths. 


Specification summary: Enhanced 6502 with 16-bit internal data 
option and 24-bit addressing option, software selectable. Data \/O off 
chip remains 8 bits, however. The 802 version is hardware compatible 
with 6502 (or.65SCO02) and can be plug-in replacement. It will reset into 
6502 emulation mode but can be software switched into varying de- 
grees of 16-bit operation. The 816 version is almost identical internally 
to 802, but it has different pinouts because it brings the additional bits 
for 24-bit address space out of the multiplexed 8-bit data bus, and it 
has special control lines to facilitate virtual memory, coprocessors, and 
data and program caching. Performance is mostly identical to 6502 of 
same clock speed, except that extended addressing and data modes 
take additional cycles. Clock to 8 MHz. Fabricated in 2.4-m and 1.5-~m 
CMOS and specs 5-mA/MHz power consumption with 1 »A standby. 


SOFTWARE 


From Byte Works (Albuquerque, NM): The ORCA/M cross- 
assembly and utility package. C and Pascal compilers are also available. 
From Apple (Cupertino, CA): Assember and debugger ($100) and 
C compiler. 

From others: Supporting products are also available from S-C Soft- 
ware (Dallas, TX); Roger-Wagner Publishing (El Cajon, CA); and 2500 
AD (Aurora, CO). 
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8096 FAMILY 


AVAILABILITY: NMOS 8096 family is in production. The 8098 chip 
offers an 8-bit external bus. The EPROM version is also available. The 
higher-performance CMOS version 800196 is now in production. 
COST: Less than $8 in 10k qty. : 

SECOND SOURCE: Signetics/Philips. 


Description: Highly integrated 16-bit microcontroller combining 16-bit 
CPU with extensive 1/O handling. On-chip memory includes 8k bytes 
of ROM and 232 bytes of register-file RAM. 1/O capabilities include an 


8-channel, 10-bit ADC, full-duplex UART, 8-level priority interrupt, — 


pulse-width-modulated output, high-speed pulsed |/O, four 16-bit soft- 
ware timers, five 8-bit 1/O ports, and a watchdog timer. 


HARDWARE 
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Hardware Notes: 7 

1. The initial NMOS 8096 family consists of parts that come with or 
without A/D converters (and S/H circuits) and onboard ROM, and with 
either 48 1/0 lines (68-pin package) or 32 1/O lines (48-pin package). 
They have option of either 8- or 16-bit system bus. The 8098 offers 
an external 8-bit bus. The 8k-byte EPROM version has onboard pro- 
gramming capability and read/write selectivity. 

2. New CMOS version 80C196 has 2x NMOS performance. 

3. Four high-speed trigger inputs record times at which external events 
occur. Storage in 8-deep FIFO. : 
4. Six high-speed pulse outputs can trigger external events at preset 
times. Commands are stored in 8-deep content-addressable memory. 
Output section can concurrently run as many as four software timers 
simultaneously. 

5. 16-bit watchdog timer allows recovery from hardware or software 
error. 


HARDWARE 


From Intel: Low-cost development kit ($2695) includes iSBE-96 emu- 
lator board and ASM-96 macroassembler and runs on IBM PC host 
as well as Intellec Series Ill and IV. Real-time emulation to 12 MHz. 
VLSICE-96 advanced emulator provides real-time emulation up to 12 
MHz and is hosted on IBM PC as well as Intellec Series III and IV. Intel 
also offers support hardware for the 80C196 chip. 

Programming support for EPROM versions supplied through Intel’s line 
of universal PROM programmers as well as third-party programmers 
from companies such as Data I/O. 
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CHARACTERISTICS 


SUPPORT 


16-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


Status: This earliest of the 16-bit microcontrollers continues to have 
a large share of 16-bit market. However, because that market is still 
young, it’s too early to tell whether this will be another case of Intel 
dominance. The only other 16-bit ~C shown with any volume was the 
Thomson-Mostek 68200, but following the Thomson-SGS merger it 
has dropped out of the picture. Meanwhile, the National 16040 and 
NEC 783XX (78312), which are newer designs, are being aggressively 
marketed and could pose threats. Actually, with the advent of the ASIC 
approach, the definition of this market is blurring; for now, any pP that 
is in core form in an ASIC library could have memory added and become 
a “pC,” even Intel’s own 80188/80186s. 


SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary, including multiply 
and divide 

Logicals 

Bit, byte, word, and double-word operations 

li—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include Direct, Immediate, Indirect, Indexed, and 
Indirect with Autoincrement 

Load and store, push and pop 

lll—PROGRAM-MANIPULATION INSTR 

Has Calls, jumps, and returns 

Conditional jumps upon Boolean functions of flags within + 128 bytes 
of instruction 

Iteration control of loops 

iV—PROGRAM-STATUS-MANIP INSTR 

Zero, sign, overflow, carry, overflow trap, interrupt enable, sticky bit 
(records previous value of carry during right shifts) 

Can set and clear some bits 


Specification summary: 16-bit ~C with split-memory architecture 
and 8k-byte ROM and 232 bytes of register-file RAM on chip. External 
memory expandable to 64k bytes, with data bus dynamically program- 
mable as 8 or 16 bits. Register-to register architecture with ALU operat- 
ing directly on register file. Has 8-channel, 10-bit A/D converter, four 
16-bit software timers, PWM output, five 8-bit 1/O ports, full-duplex 
serial port and high-speed pulse |/O ports. At 12-MHz clock, 16-bit 
addition takes 1 wsec, 16x 16 multiply or 32/16 divide takes 6.5 wsec. 
Average instruction-execution time equals 1 to 2 wsec. New CMOS 
parts have 2x performance of NMOS. In 48-pin DIP, 68-pin PLCC or 
68-pin pin-grid array. 


SOFTWARE 


From Intel: Macroassembler (ASM-96), PL/M-96 and C-96 compilers. 
PL/M and C supply hardware-control features such as interrupts. Each 
software package includes relocation/linkage utility (RL-96), library 
management utility (LIB-96), object-to-hex conversion utility (OH-96), 
and FPAL-96, a 32-bit floating-point utility. Software packages run on 
an IBM PC and compatible computers. $750 for a single-user license. 
From Archimedes (San Francisco, CA): ANSI C-8096 compiler 
with additional features like control of interrupt. Hosted on IBM PC 
($995), MicroVAX ($3995), and VAX ($5995). : 

From Cybernetic Micro Systems (San Gregorio, CA): Graphic 
programming and simulation aids that run on IBM PC ($295 and $995). 
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Average Loss = 0.16dB 


THE PRE-CAP CONNECTOR SYSTEM—A FIBER OPTIC 
CONNECTOR TECHNOLOGY THAT ANSWERS YOUR 
NEEDS FOR HIGH PERFORMANCE AND HIGH YIELD. 


Now you can have consistent per- 
formance, high yield, and high re- 
liability when you use our precision 
capillary PRE-CAP™ series fiber optic 
connector system. This new-tech- 
nology system for glass 
optical fibers includes a 
line of the most com- 
mon fiber optic con- 
nector designs-SMA 
and ST* types. 

PRE-CAP™ series 
connectors combine a 
durable composite poly- 
mer alloy with the preci- 
sion tolerance of a glass 
capillary to provide an 
extremely cost-effective 
connection system. PRE-CAP™ 
connectors provide superior alignment 
while matching the thermal stability of 
the glass fiber. 


Passive Couplers 


connector series, you get a simplified 
crimp and polish termination in a re- 
duced amount of polishing time. The 
unique glass capillary design virtually 
eliminates the risk of over-polishing of 


Active Couplers 


Connectors 


the glass fiber because the fiber and 
capillary are uniformly polished as 
one. This uniform polishing means 
faster installation without sacrificing 


And, that’s not all. With the PRE-CAP™ the quality of the connection. 


*Tyademark of AT&T Technologies. 
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Both the SMA and ST types are 
highly suitable for manual or auto- 
mated polishing and are adaptable on 
all styles of optical fiber cables. The 
SMA type is compatible with the 905 
connector design, while the ST type 
features a spring-loaded bayonet lock. 

In addition to connectors, the 
PRE-CAP™ connector series includes 
active and passive couplers, easy-to- 
use termination tooling, plus standard 
and custom cable assemblies. For 
more information or a demonstration 
of what PRE-CAP™ connector tech- 
nology can do for you, call or write 
Thomas & Betts Corporation, 
Electronics Division, 1001 Frontier 
Road, Bridgewater, NJ 08807, 

(201) 685-1600. 


To get literature immediately call: 
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make sure it's rugged. 


Order GE/RCA Rugged MOSFETs, the only 
ones with an “R” on the label. Because the 
wrong device can ruin your creation. 


Two years ago an independent testing com- of rugged PowerFETs in the industry. 
pany compared GE Ruggedized MOSFETs And the benefits are considerable. 


with all leading competitive units. The results Why you need Rugged FETs 
better th , : 
HETE Gere OO ney We eapecive Our Rugged MOSFETs are fast. But they're 


=" 

: : They're designed, tested and guaranteed to 
ea withstand a specified level of circuit-induced 
o | , electrical stress in breakdown avalanche 

an mode. 
| When you design with our Rugged devices, 
you can eliminate zener diodes, snubbers and 
other costly circuitry. 

So you save money. And by simplifying your 
design, you improve system reliability. 

Just as important, these devices give you a 
margin of error. 

Because you can never be sure when your 

In this test conducted by Associated Testing Laboratories, System will be subjected ei voltages beyond 
Inc., the ruggedness of 25 GE IRF-series MOSFETs was com- what you expected. 
pa i ey fou corsa You And if you're designing for applications 

that routinely have to handle surges and tran- 

Today, the situation is different. sient voltages, these devices are perfect. 

Because our MOSFETs are more than twice A wide selection of drop-ins. 
as migped as GI wChatnen. Yebour mpsed We have more than 200 parts in distributor 


ized MOSFETs cost no more than competi- 
A eaard MOSEKETS. stock. And they're drop-in replacements for 
virtually any N-channel devices. 


7 FS 


| 7 28 56 
Energy (mJ) Log. Scale 


A powerful combination. So why take chances, when you can 

We've achieved this by combining the improve your system performance and relia- 
rugged technology of GE products with the bility at no added cost? 
outstanding manufacturing, quality control For more information, contact your local 
and cost-effectiveness of RCA power GE Solid State sales office or distributor. Or 


MOSFETs. So we can bring you the best line _call toll-free 800-443-7364, extension 28. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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OUR pP DEVELOPMENT TOOLS 
HELP PROJECTS GET ON THEIR FEET. 


The “creature” shown above doesn't 
depict a futuristic lunar landing, Rather, 
it represents a polar landing of a sophis- 
ticated weather monitoring device. A 
new parachute-deployed device that 
instantly transmits vital environmental 
data to waiting scientists. And whose 
Antarctic installation and erection now 
happen automatically, in a matter of 
minutes, allowing critical data collection 
in remote areas that were impossible to 
reach before. 

This “Self-Erecting Weather Station? 
sponsored by the National Science 
Foundation and designed and developed 
by Polar Research Lab, was made pos- 
sible by Avocet and AVSIM™, Avocet’s 
unparalleled simulator/debugger. 


The AVSIM Full-Screen Display 


Unequaled capability 

Polar Research needed AVSIM’s 
sophistication to control the sensors 
in the weather station's “legs” and to 
create its transmitter AVSIM’s detailed 
on-screen CPU simulation, unlimited 
breakpoint facility, and unique “undo” 
capability gave their engineers the ease of 
use and flexibility that allowed them to 
execute and test the software even before the 
hardware was ready. Saving crucial time 
and frustration in both the programming 
and testing phases of development. And 
money, too: at only $379, AVSIM is a 
fraction of the cost of additional 
hardware. 


Complete compatibility: 
from the ground up 

Best of all, AVSIM is completely 
compatible with our AVMAC™ macro 
assemblers and our AVOCET C™ cross 
compilers—the ideal combination of 
tools which gives you a comprehensive 
development solution. 


——_— a 


MS° INC. 


Get your own project off the ground: 
try before you buy 
Try the AVSIM demo yourself for 
30 days. If you're not satisfied for any 
reason, return the unopened program 
disk for a full refund—less $35 for the 
demo disk and manual, which are yours 


to keep. 
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For your free catalog, to order, 
or for more information about 
AVSIM and other Avocet products. 


Call Avocet today and ask about our 
complete line of affordably priced soft- 
ware and hardware uP development 
tools. Discover how we can help you get 
your next project on its feet, too. 


©1988 Avocet Systems, Inc. All rights reserved. 


THE SOURCE FOR QUALITY pP DEVELOPMENT TOOLS 


Avocet Systems, Inc., 120 Union St., P.O. Box 490BW, Rockport, ME 04856 /*In Maine, or outside US., call (207) 236-9055 / TLX: 467210 Avocet CI / FAX: (207) 236-6713 


CIRCLE NO 156 


HPC 16000 


AVAILABILITY: Now for 17- and 30-MHz parts. 
COST: Less than $10 in volume. 

SECOND SOURCE: None. 

CORE: Standard cell is in supplier's ASIC library. 


Description: 16-bit CMOS microcontroller family with basic version 
having 8k bytes of onboard ROM, 256 bytes of RAM, extensive 1/O, 
and onboard peripherals. Original 16040 had 16.8-MHz clock with 240- 
nsec register instruction execution. Due to shrinking, new 16083 sam- 
ples achieve 30-MHz clock rates, with shortest instructions just 134 
nsec, over —55 to +125°C. Supplier says HPC stands for ‘“‘high- 
performance microcontroller.”’ 


HARDWARE 
= 


INSTRUCTION 
MICROCODE 


RESET 


[om CLOCK 
GEN 


16-BIT BUS 


RDY/HOLD | 


STATUS 


CAPTURE REG (3) 


TIMERS (7) 


WATCHDOG 
LOGIC 


wO 


MICROWIRE PLUS 


Le ig ig | ANALOG 


PORT 1 PORTA PORT B PORT P GROUND 
PORT D 


4 


VReF 


Notes: 

1. Family is designed around common ypP core for instruction-set con- 
sistency, with various models having various assortments of on-chip 
peripheral functions. Onboard peripheral functions planned are ADCs, 
gate arrays for customization, dual-port RAMs for efficient interproces- 
sor communication (download/uploading), and EEPROMS. Also planned 
are HDLC, CRT, DMA, SCSI, and Ethernet controllers. 

2. Microwire/Plus is used for synchronous serial data communications 
with supplier’s Microwire peripherals (ADCs, display drivers, EEPROM), 
COPS 4-bit Cs, 8050 8-bit ~Cs, and other HPCs for multiprocessing. 
3. Watchdog logic monitors operations and signals upon the occurrence 
of any illegal activity such as infinite loops. : 

4. Halt and idle modes provide additional power savings by stopping 
clock or disconnecting it. 

5. Emulator parts are available for the 16000 family. 

6. PI (Universal Peripheral Interface) port for connecting to ~Ps such 
as National’s 32000 family. 


HARDWARE 


A designer’s kit is available for under $500. Supplier’s Mole (microcom- 
puter on-line emulator) is a low-cost ($4590) development system for 
the HPC family. Mole consists of brain board and HPC personality 
board and optional software. The brain board is common to all National 
wCs. The personality boards tailor the system to emulate particular 
Cs. Moles can be used in conjunction with various hosts like IBM 
PC/XT/ATs or VAXs (Unix/VMS). 
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CHARACTERISTICS 


SUPPORT 


16-BIT CMOS 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 

Phone (408) 721-5000 


Status: Supplier says HPC 16040 and 16083 are first members of 
what is to be a family of industrial controllers. Supplier’s benchmarks 
(August ’86 with HPC at 17 MHz) indicate that HPCs outperform other 
similar 8- and 16-bit controllers such as Intel 8051 and 8096, Motorola 
68HC11, and TI 7000 on both throughput and ROM-program efficiency. 
NEC 78XX and 78XXX and Zilog Super Z8 weren’t mentioned. This 
family is from the same group at National that has produced National’s 
most successful pP/nC, the 4-bit COPS. 


' SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit arithmetic in binary, including multiply and divide with 
32-bit results 

Logical AND, OR, XOR, and compares 

Bit manipulation of all registers and through all 64k address space 
li—DATA-MOVEMENT INSTRUCTIONS 

10 addressing modes: register B indirect, register X indirect, direct, 
indirect, indexed, immediate, register indirect with autoincrement/ 
decrement, register indirect with autoincrement, and skip 

Instructions include load, store, push, pop, and exchange 
lli—PROGRAM-MANIPULATION INSTR 

Calls, jumps, returns, and conditional jumps implementing high-level- 
type constructs 

iV—PROGRAM-STATUS-MANIP INSTR 

There is a carry bit and several status registers. These may be manipu- 
lated as all bits in register space, and in 64k address space may be 
set, reset, and tested 


Specification summary: 16-bit CMOS »C and pP with memory- 
mapped architecture and 8k-byte ROM and 256-byte RAM on chip. 
External memory expandable to 64k bytes. 16-bit-wide architecture 
includes data bus, ALU, and registers. Has eight programmable 16-bit 
timers, eight vectored interrupts, full-duplex UART with programmable 
baud rate, PWM outputs, 10 timer-synchronous outputs, four input 
capture registers, 52 general-purpose I/O lines. Performance of 16083 
at 16.8-MHz clock is 240 nsec for register operations and 7 ysec for 
16x16 multiply and 32/16 divide. Performance of 16083 at 30 MHz is 
134 nsec. Supplier says its ‘‘microCMOS”’ process will provide 47-mA 
power consumption. Idle instruction will reduce this to 1 mA, and halt 
instruction will drop it to 200 wA. Supply range is 4 to 5.5V. Available 
in industrial (— 40 to +85°C) and extended (— 55 to + 125°C) tempera- 
ture ranges (MIL-STD-883 now). In 68-pin PCC, LCC, and 68-pin PGA, 
and 84-pin TapePak. 


MEMORY 


TIMER 
PART ROM RAM 1/0 BASE SIZE 
NUMBER | (BYTES) | (DIGITS) | PINS | INTERRUPT | STACK | COUNTER | (PINS) OTHER 
HPC16003 | ROM- 256 52 |8 SOURCES |IN RAM 8 68 |4 INPUT CAPTURE 
LESS REGISTERS 
HPC16083 | 80k 256 52 |8 SOURCES |IN RAM 8 68 |4 INPUT CAPTURE 
REGISTERS 
HPC16164*} 16k 512 52 |8 SOURCES |IN RAM 8 68 |4 INPUT CAPTURE 
REGISTERS & 
8-CHANNEL A/D 
HPC16400} N/A 256 52 |8 SOURCES | IN RAM 4 68 |2-CHANNEL HDLC & 
4-CHANNEL DMA 
HPC16900} N/A 256 52 68 |PORT EXPANSION 
AND RECREATION 
LOGIC 
HPC16104 | NONE 512 52 |8 SOURCES |IN RAM 8 68 |4 INPUT CAPTURE 
REGISTERS & A/D 
HPC16064 | 16k 512 52 |8 SOURCES |IN RAM 8 68 |4 INPUT CAPTURE 
REGISTERS 
HPC16004 | NONE 512 52 |8 SOURCES | IN RAM 8 68 |4 INPUT CAPTURE 
REGISTERS 
“AVAILABLE 1Q ’89 
SOFTWARE 


Cross-assembler and C compiler to run on IBM PC. VAX (Unix/VMS) 
support is available, as is a symbolic debugger. Floating-point math 
and general math packages are currently available. 

Dial-A-Helper is a 24-hr on-line computer bulletin board serviced by 
National. It provides latest information on all National .C chips (includ- 
ing development systems) and also specific application support. Phone 
(408) 739-1162. : 
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783XX 


AVAILABILITY: Now for ROMless, masked ROM, and EPROM ver- 
sions of 78312 (See also Note 3). 

COST: 10k qty, $12.50; expected to go under $10. 

SECOND SOURCE: None. 

CORE: As with many of the 1-chip sets, supplier has been using cell- 
library concepts in house all along. 


Description: Intended for high-end controller-type applications, 
783XX combines a fairly fast, powerful, 16-bit ALU with many peripheral 
functions on single chip. Although there’s some architectural resem- 
blance to supplier's existing 7811 (See Note 3) and new V Series (espe- 
cially V25), this is said to be an original design with its own unique 
instruction set. 


HARDWARE 
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Notes: 

1. On-chip RAM contains eight banks of general-purpose registers and 
also eight ‘‘macroservice channels’’ that can perform DMA in response 
to interrupts. 

2. Eight peripheral blocks at bottom of diagram are for the following 
functions: two 4-bit real-time output ports, external interrupts, serial 
communication, two 16-bit up/down counters, two 16-bit capture regis- 
ters, two PWM outputs, an 8-bit 4-channel ADC, two 16-bit timers, and 
six 8-bit ports. 

3. The 783XX’s ‘‘parent’’ family, the 78XX, is still going very strong. 
The 7811 (4k-byte ROM) is the most popular member of that family 
and is now available in CMOS (78C11). Also in CMOS is 16k-byte-ROM 
78C14. Prices range from $5 to $8 in 25k qty. 


HARDWARE 


From NEC: Supported on the NEC MD-086 CP/M-86-based develop- 
ment system. An emulation board, the IE-78310-R, hooks up to IBM 
PC and other popular computers. Evaluation package consisting of 
board with monitor, relocatable assembler, and software examples 
($150). 

From Orion (Redwood City, CA): Emulator. 
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CHARACTERISTICS 


SUPPORT 


16/8-BIT CMOS 


NEC Electronics USA Inc 
1 Natick Executive Park 
Natick, MA 01760 

Phone (508) 655-8833 


NEC Electronics Inc 
(Corporate Headquarters) 
401 Ellis St 

Mountain View, CA 94039 
Phone (415) 960-6000 


Status: Supplier says 78312 is the first in a new family that is expected 
to bridge the gap between 8-bit 1-chip controllers and 16-bit minicom- 
puter-like chips. Emphasis is on economic high-speed processing of 
real-time events. Competes with Intel 8096, National 16040, etc. Sup- 
plier says future chips in family will have same core architecture, but 
peripherals on chip will be aimed at specific applications (ie, the ““ASIC’’ 
approach). One application is auto engine control. Another is an intelli- 
gent typewriter (said to have 1M-byte address space). 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Most operations 8 and 16 bit, including adds and subtracts, shifts and 
rotates, decimal adjust, and increment and decrement 

Multiply 8 x 8 in 3.0 wsec and 16 x 16 in 3.167 psec 

Divide 16/8 in 3.0 wsec and 32/16 in 8.333 sec 
li—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include immediate, register-register, indirect (includ- 
ing base and base-index), and direct (including direct-indexed). Direct 
addressing of internal RAM can accommodate 8 or 16 bits. (Although 
external data is restricted to 8 bits, internal RAM can be addressed 
on an 8-or 16-bit basis) 

Block instructions move, exchange, or compare with accumulator as 
much as 256 bytes of data 

8- and 16-bit moves and exchanges between the accumulator or ex- 
tended accumulator and general register or memory 

Push and pop on or off stack 

lll—PROGRAM-MANIPULATION INSTR 

Call, call table (1-byte call), branch, branch relative, branch register, 
branch register indirect, branch on condition, branch on bit, software 
break, return, return from interrupt 
iV—PROGRAM-STATUS-MANIP INSTR 

Enable and disable interrupts, break with context switch, select register 
bank, increment/decrement stack pointer. Software control of standby 
modes, watchdog timer, and on-chip peripherals 


Specification summary: A new high-performance, single-chip archi- 
tecture that features eight switchable register banks to handle demands 
of real-time control. This CMOS processor uses IEEE standard mne- 
monics. The 12-MHz (max frequency) oscillator is divided by 2 to create 
a 167-nsec system clock. Min instruction time is 500 nsec. A 3-byte 
instruction prefetch queue further speeds processing. Chip can access 
64k bytes of memory, including 8k bytes of on-chip ROM, 256 bytes 
of on-chip RAM, and a 256-byte special-function register area that 
communicates with on- and off-chip peripherals. On-chip peripherals 
include a 4-channel 8-bit A/D converter, a full-duplex UART, and an 
extensive timer/counter system. There are two 16-bit up/down count- 
ers, two 16-bit timers, two PWM outputs, a 16-bit timebase counter, 
and a free-running counter with two 16-bit capture registers. The 48 |/O 
lines include two 4-bit, real-time output ports. There are four external 
interrupt lines and 11 internal interrupt sources. Eight macroservice 
channels can perform DMA in response to various interrupt sources. 
The CMOS device is housed in 64-pin flat pack, shrink DIP, and PLCC. 


SOFTWARE 


From NEC: Software to run on MD-086 and other CP/M-based sys- 
tems, includes relocatable assembler. Now also runs on IBM PC under 
MS-DOS. 

From third parties: C compiler from Lattice. Forth interpreter under 
development. 
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SMALL 
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HIGH POWER SWITCHERS...FROM : 


_Lighter...Smaller...More Powerful... 


for single and three phase applications —@ Common programming with TCR, EMHP, 

where high efficiency, precise regulation ATR and HCR Series 

and a high degree of packaging density ™ 650 microsecond transient response time 

are required. _ @ Built in OVP and thermal protections 
The EMS Series incorporates the best _..and much, much more 


of customer tested and application 


proven features: Want all the details on the small 
MikW, 10; 2.5kW, 19 and 39 in one unit; and the mighty? Write or call 


SKW, 39 for the latest Tech Bulletin 
Mi Highest power per cubic inch for wide on the EMS Series of 
range, rack mount, CV/CC power DC Power Supplies. 


supplies in the industry 


ELECTRONIC 
iia ecatagh 


405 Essex Road, Neptune, NJ 07753 
CALL TOLL FREE 800-631-4298" @ Telex: 132-424 @ Fax (201) 922-9334 
* Except in New Jersey, Alaska, Hawaii and Canada call (201) 922-9300. 


CIRCLE NO 157 


Supplier to Top 

Electronic Companies 

and Semiconductor 
Manufacturers 


4K Trace Buffer 


Unequaled 
Technical Support— 
as close as your phone 


128K Hardware 
Breakpoints 


16 Breakpoint Trigger 
Conditions 


Twenty-three Cumulative 
Years of 8051 Experience 


The Price Performance 


Real Time and 
Transparent Emulation 


C Compiler 


Serially linked to IBM 
PC or compatible 
computer 


Total 


« 
Soe Devel f t 
Software 


~Full Symbolic 
Debug Support 


Technical Innovations — 


fist NON-BONDOUT 
64K Program and Leader emulators for ROM 
Ara mane External Data Broadest Line of 8051 devices 
memories’ capabilities Emulation Memory pari 


THE 8051 TOOLBOX. 


PC-HOSTED EMULATORS AND SUPPORT FROM $1495: 


Want the right tools for your 
8051-family job? You'll find them 
inside MetaLink’s 8051 toolbox: 
complete In-Circuit Emulation 
hardware, software and thought- 
ware. A toolbox that lets you plug 
your PC into MetaLink’s cost- 
effective, high-performance 8051 
family of development tools. 

Why get your toolbox from 
MetaLink™ ? We understand just 
how to get the best design perfor- 
mance from your application — 
and to meet engineering budgets 
and quality standards. 
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Call MetaLink for your demo 
diskette to evaluate the capa- 
bilities of our MetaICE™ units. 
Or, for qualified customers, we 
offer a free, 10-day trial. 


MetaICE MicroICE 
-80515 -80512 -8031 
-83C152 -80532 - -8032 
-80C451 -80C552 -8344 
-8044 -80C652 -80252 
-80C452 = -83C451 -80154 
-80535 -83C751 -8052 


FOR FREE 8051 FAMILY 
POCKET REFERENCE 


GUIDE: circLe No 244 


CIRCLE NO 212 


yy 
Ad 


MetaLink Corporation 

P.O. Box 1329, Chandler, AZ 85244-1329 
(602) 926-0797 or (800) METAICE 

IBM and PC are trademarks of International 
Business Machines Corp. 

* Price is U.S. list 
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V SERIES 


AVAILABILITY: Now. (V70: sample quantities.) 

COST: In 100 qty, $6 for V20, $8 for V30, $17 for V40, $13 for V50, 
and $375 for V60 (16 MHz). The V70 costs $500 (50). 

SECOND SOURCE: None. 


Description: Parts with numbers to 50 are enhanced versions of Intel 
8086 family. They obtain increased performance via such enhance- 
ments as dual internal 16-bit data buses, dedicated hardware for ad- 
dress generation, loop counters for block transfers, 16/32-bit temporary 
register/shifters for fast multiplication and division, and a prefetch regis- 
ter. Some parts can even do 8-bit 8080 instructions in an emulation 
mode. The 32-bit V60 and V70 share internal architectures but offer 
different external bus widths. The V60 and V70 support multitasking 
operations. 


HARDWARE 


NEC V SERIES 
v20 AND V30 


_EFFECTIVE ADDR GEN. 


‘MICRO. 
on | 9) 
ROM 
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A16/PSO —A19/PS2 


Notes: 

1. Diagram show V20 and V30, which have enhanced 8088/8086 archi- 
tectures. 

2. New V60 and V70 are 32-bit microprocessors. Three of them can 
run same code redundantly with majority-vote scheme for systems 
that demand fault tolerance. 


Specification summary: 16-bit CPU with dual-bus internal architec- 
ture and dedicated addressing hardware can reach 1M-byte memory 
locations. Multiplication and division take 6 to 8 psec at 5-MHz clock 
rate. Data-block transfer rate to 625k bytes/sec at 5-MHz clock rate. 
Devices dissipate 500 mW max at 5 MHz, 50 mW in standby, and 
operate over — 40 to + 85°C. Housed in 40-pin DIP, which is pin-for-pin 
compatible with 8088 (V20) and 8086 (V30). The V25, V40, and V50 
chips are available in 68-pin PGA, 68-pin PLCC, and 80-pin mini 
flatpack. The V60 and V70 offer a different 32-bit architecture, one with 
a more general-register orientation. The V60 at 16 MHz performs 3 
MIPS max, 1% MIPS sustained; 20-MHz V70 performs 5’ MIPS max, 
2'4 sustained. See table for synopsis of family features. 


HARDWARE 


From NEC: The V60-based MV-9000 board plugs into an IBM PC. 
The board runs Unix System V and in particular, NEC’s V60/V70 soft- 
ware-development tools. NEC also supplies a V60-based Multibus 
board. 

Third-party hardware available from Zax and Sophia Systems. 
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CHARACTERISTICS 


SUPPORT 


16- AND 32-BIT CMOS 


NEC Electronics USA Inc 
1 Natick Executive Park 
Natick, MA 01760 

Phone (508) 655-8833 


NEC Electronics Inc 
(Corporate Headquarters) 
401 Ellis St 

Mountain View, CA 94039 
Phone (415) 960-6000 


Status: The first members of this family represent a strategy used 
by several major Japanese suppliers of basing a »P family on an estab- 
lished instruction set, in this case the popular 8086, and then enhancing 
the core software and adding features to hardware to produce parts 
that outflank original parts. Unfortunately for NEC, Intel has sued, claim- 
ing that NEC copied Intel 8086-family microcode in violation of US 
copyright law. This has slowed acceptance of these parts. The lawsuit 
has yet to be settled. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Added instructions for multiply, shift, and rotate registers by immediate 
value; add, subtract, and compare packed decimal strings. Also in- 
cluded are a large number of variations on bit manipulation, like insert 
or extract bit; rotate left or right on one BCD digit; test, invert, clear, 
or set specified bit 

li—DATA-MOVEMENT INSTRUCTIONS 

Various memory-addressing modes are derived from four segment reg- 
isters, pointers, and index registers. In addition to MOV instructions 
for transferring data between CPU registers and memory, there are 
instructions for moving a string of data between memory and I/O port 
lli—PROGRAM-MANIPULATION INSTR 

In addition to call, jump, and return instructions, stack operations such 
as push immediate data or 8 general registers onto stack, pop 8 general 
registers from stack; allocate/free an area for a stack frame on a proce- 
dure; and enter/exit. Also includes an instruction to check array index 
against designated boundary and an instruction for floating-point- 
processor call procedure 

IV—PROGRAM-STATUS-MANIP INSTR 

In addition to 8086-type status and control flags, an extra mode flag 
for indication of 8080 emulation mode or a native mode 


Notes: 

1. V20 and V30 instruction sets are supersets of 8088/8086 sets and 
can execute MS-DOS-type programs. 

2. 101 instructions, some of which are designed to support high-level 
languages like Pascal. 

3. 16-MHz V60 is available in a PGA. 16- and 20-MHz versions of the 
V70 will be available in PGAs also. 


PART NUMBERS 
(CORRESPOND- EXTERNAL | ON-CHIP PACK 


ING INTEL 8086 eg ADDR|DATA| MEMORY | ON-CHIP AGE 
FAMILY PART) wii BUS | BUS |ROM RAM|PERIPHERALS | PINS 
70108 20 NONE 

(8088) (1M) an 
V25 anes ie 256 | 2-CHAN DMA 
(1 


20 

anes M) INTER CONT FLAT 
20 | 16 
(1M) 


70822 2xUART 84 
16 
(i M) 
70616 


— 4-CHAN DMA 68 
INTER CONT | PGA 
16 
(NONE) com 
V70 70632 16 32 0 0) 


3x16 C/T 68 
UART 80 
CLOCK GEN | FLAT 
(NONE) ae 


V30 ins 
(8086) 


70208 
(80188) 


V40 
V50 | 70216 
(80186) 
V60 FLOAT PT | PGA 
MMU, CACHE 
FLOAT PT | PGA 
MMU, CACHE 


SOFTWARE 


From NEC: C compiler, assembler, link editor, etc, based on Unix 
tools (available for VAX Unix 4.3 or for MV-9000 board). Unix System 
V and V60 ITRON operating system. 

Third-party software from Intermetrics (Cambridge, MA) and Digital Re- 
search (Monterey, CA). 
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8086/8088, 80186/80188 


AVAILABILITY: Now for both NMOS and CMOS 8086/88. Now for 


8- and 10-MHz 80186. Now for 6-, 8-, and 10-MHz 80188. Now for 


10-, 12.5-, and 16-MHz 80C186. 

COST: At 100 qty, under $5 for 8086/88; under $10 for 80186/188 in 
PLCC. $18 for 80C186 in 1k qty. 

SECOND SOURCE: For 8086/8088: AMD, Harris, Matra-Harris, 
Fujitsu, Siemens, OKI. For 80186/8188: AMD, Fujitsu, Siemens. 
CORE: Intel’s ASIC group says it will be incorporating 800186 in its 
cell library. 


Description: Supplier's objective when 8086 was introduced back in 
‘78 was to offer a machine that matched performance of latest mid- 
range minis but retained some upward compatibility with widely used 
8080/85. 8088 is intended as highest performance 8-bit ~P. Floating- 
point math coprocessor (8087) available to enhance performance. 
80186 and 80188 are intended as higher-integration counterparts of 
8086 and 8088. They incorporate some of the often-used support-chip 
functions on CPU chip, somewhat in anticipation of ASIC standard-cell 
trend (and in fact Intel plans to add 8086 family members to its ASIC 
cell library to give customers a chance to design their own higher- 
integration combinations). 


HARDWARE 


EXECUTION SIDE 


BUS-INTERFACE 
SIDE (BIU) 


TEMP. 
TEMP 


SEGMENT 
REGISTERS 


ll 


CLOCK 
5, 8, 10 MHz 


US 
DATA BUS 


CONTROL B 


Notes: 

1. Diagram is for initial family member, 8086. 

2. 8088 is downgraded version of 8086. It has only 8-bit-wide external 
data output bus (only 8 lower bits of address bus are multiplexed for 
data). Some pin functions have been changed. Prefetch queue is only 
4 bytes (to prevent overuse of bus). Instruction execution is slower as 
all 16-bit fetches and writes take 4 extra cycles. 

3. 80186/88 integrate support functions on chip to reduce system costs. 
Functions added are clock generation, 2-channel DMA, interrupt con- 
troller, 3 16-bit timers, memory- and peripheral-chip-select logic, and 
wait-state generator. 80188 is 8-bit external data-bus version of 80186; 
it has shortened prefetch queue, and instructions take longer. 

4. Math coprocessors implementing IEEE-754 floating-point standard 
are part of family. 


HARDWARE 


From Intel: |2/CE in-circuit emulator ($7995) supports 8086/8088 and 
80186/80188 to 10 MHz. Emulators are hosted on IBM PC and Intellec 
Series III/IV development systems. ICE186/188 in-circuit emulator sup- 
ports 16-MHz operation. 

From others: Because of popularity, family is widely supported by 
third-party universal development systems. 
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CHARACTERISTICS 


SUPPORT 


m 


8/16-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


Status: Next to the 8080/Z80 family group, the 8086 family has been 
the most successful »P family. The most visible application for the 
family has been in the IBM PC and its many clones. The 80186/88 
high-integration versions covered here were intended for PC applica- 
tions, but the 80188/86 never caught on with PC makers. Now that new 
designs for the PC market have switched to the 80286 and 80386, Intel 
is directing the 80186/88 at embedded applications, and is claiming 
success—2000 design wins for 80186 and 600 design wins for new 
80C186. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary or decimal, 
including multiply and divide 

Logicals 

Bit, byte, word, and block operations 

liI—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include literal, relative (to register and to segment), 
register, base plus index, and base relative indexed 

Use of segment registers: Programmer can, through software, set up 
four areas in memory with four segment registers—a program area, a 
stack area, and two data areas. These areas need not be full 64k, and 
they can overlap. Programmer can alter the four area locations by 
modifying the segment-register contents 
lli—PROGRAM-MANIPULATION INSTR 

Has call, jump, and return instructions both inside program segments 
and to different segments. Intrasegment call and jump use self-relative 
displacement for position-independent code. Conditional jump upon 
Boolean functions of flags within +128 bytes of instruction. Iteration 
control of loops, a repeat prefix for rapid iteration in hardware-repeated 
string operations 

Note: Jumps can occupy varying amounts of execution time, because 
with BIU’s instruction prefetch, the program counter can be ahead of 
itself 

IV—PROGRAM-STATUS-MANIP INSTR 

In addition to 8080/85 flags: overflow, interrupt enable, direction (for 
strings), and single-step trap flags 


Notes: 

1. Enhanced CPU in 80186/188 includes new instructions: Pusha, Popa 
handle all registers at once; Immediate mode for Push and Imul; Ins 
and Outs for strings; Bound for address ranging; Enter and Leave for 
stack-frame saving and restoration. 

2. Further enhancements in 80C186 include power saving with pro- 
grammed clock division, and DRAM-control circuit. 


Specification summary for 8086/88: 16-bit CPU that can reach 
1M byte using ‘“‘segment’’ address-extension registers. Register-to- 
register operations execute at 0.6 sec with 5-MHz clock (0.37 psec 
with 8-MHz clock). HMOS ion-implanted, depletion-load, silicon-gate 
circuitry; requires 5V at 340 mA (substrate bias generated on chip). In 
40-pin DIP, device is pin programmed to switch 8 pins from minimum 
to maximum external system mode. Harris CMOS 8086 dissipates only 
10 mA/MHz when running, and clock can be stopped for 500 pA 
standby. 


Specification summary for 80186/188: Highly integrated Ps that 
combine functions of most common iAPX 86 system components onto 
one chip. Have same memory reach as 8086/88 but with improved 
execution times on some instructions. HMOS II ion-implanted, deple- 
tion-load, silicon-gate circuitry requires 5V at 300 mA (90 mA and less 
for CMOS). Housed in 68-pin JEDEC Type A ceramic leadless chip 
Carrier and a ceramic pin-grid array. Plastic leaded chip carrier also. 


SOFTWARE 


From Intel: Macroassembler, including linker, locator, mapper, and 
librarian. High-level-language compilers include PL/M, C, Fortran, and 
Pascal. Pscop-86 provides source-level debug with full source-code 
display. Hosts include PC-DOS, VAX/VMS, and Intel development sys- 
tems. Prices start at $750 (for DOS versions). 

From others: Because of wide base of 8086/8088-based systems, 
and in particular the IBM PC, there exists a lot of third-party software 
of all sorts, enough to fill wnole catalogs. Check with Intel and various 
trade journals. 
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80286 


AVAILABILITY: In production with 8, 10, 12.5 and 16 MHz (AMD for 
16 MHz). CMOS 80C286 12.5 MHz in production and 20 MHz sampling. 
COST: In 100 qty: $37 for 8 MHz, $59 for 10 MHz, $95 for 12.5 MHz, 
and $150 for 16 MHz in LCCs (PGAs more). For 80C286: $125 for 10 
MHz and to $170 for 16 MHz, also in 100 qty. 

SECOND SOURCE: AMD, Siemens, and Fujitsu. Harris for CMOS 
80C286. 


Description: An evolutionary extension of the 8086 with special capa- 
bilities for multitasking systems. Has on-chip memory-management and 
protection functions that support intertask isolation, program and data 
security, and 4 levels of privilege within a task. Memory management 
supports as much as 1G bytes of virtual-address space per task, 
mapped into a 16M-byte physical memory. Device is upward compatible 
with 8086/88 software. 


HARDWARE 


DATA > 


ADDRESS 
<—— PROGRAM as aL Bes ee 


1 


TEMP 


ADDRESS - 
SEGMENT 
REGISTERS 


6 
PE 
DS 
cs 


FROM 82284 ee 
CLOCK GEN } 5, 8, 10 MHz 


s OFFSET 
ADDER 


INTERNAL CONTROL 


a SEG 
_ CONTROL LIMIT 
CHECK 


_ 3-DECODED 
INSTRUCTION SEG | SEG 
QUEUE BASE | SIZE 


INTERNAL BUS (16) 


PHYSICAL 
- ADDRESS 
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Notes: 

1. Support chips for 80286: 82C284 clock, 82288 bus controller, 80287 
floating-point numeric processor ($290 for 10 MHz, 100 qty), and 82258 
advanced DMA coprocessor. 

2. A new trend is for third-party VLSI houses to do high-integration 
chip sets to consolidate the devices being used around popular plat- 
forms, which for the 80286 would be the IBM PC/AT. Chip sets for the 
PC/AT are being offered by Chips and Technologies (San Jose, CA), 
Zymos (Sunnyvale, CA), VLSI Technology (Phoenix, AZ), and Hudson 
& Supinger (Santa Clara, CA); and also by Intel. 


HARDWARE 


From Intel: |CE in-circuit emulator ($9995) supports 80286 at 8 and 
10 MHz. It is hosted on IBM PC/AT/XT and Intellec Series III/IV develop- 
ment systems. ICE286 ($12,495) supports 80286 at 12.5 MHz. iPAT 
Performance Analysis Tool, consisting of a hardware base unit, an 
interface to ICE, and host software for the PC/AT/XT, as well as Intellec 
Series III/IV. iPAT provides high-level access to target-system perform- 
ance analysis and test-case code-coverage analysis for the 80286. 
From others: Number of third parties support 286 on their universal 
development systems; for example, American Microsystems Corp 
(Beaverton, OR). 
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CHARACTERISTICS 


SUPPORT 


16-BIT NMOS 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


Status: Currently, the 80286 has the highest volume in the 8086 family. 
The total volume of 80286 chips was 4 million units for 1987. The 286’s 
popularity has been based on the PC/AT, and the 286 will also share 
in the expected growth of the IBM PS/2 market. Its big sister, the 
80386, will take over some of the 286’s applications, but that will take 
time. Certainly the second sources will wish to give the 286 as long 
and thriving a life as they can, as so far Intel has shown no inclination 
to ever let them second source the 80386. Therefore it’s logical to 
expect more enhanced 286s, such as the 16-MHz version from AMD 
and the CMOS version from Harris. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary or decimal, 
including multiply and divide 

Logical operations on bytes, words, and blocks 
llI—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include literal, relative (to register and to segment), 
register, base plus index, base relative indexed, and register indirect 
Programmers can manipulate 16,383 segments in memory by means 
of memory-base descriptor tables and 4 segment registers. These seg- 
ments can be between 1k and 64k bytes in length 
lli—PROGRAM-MANIPULATION INSTR 

Has calls, jumps, and returns within the same protection level, across 
protection boundaries, and between tasks 

Intrasegment calls and jumps use self-relative displacement for posi- 
tion-independent code 

Intersegment calls and jumps use the memory-based descriptor tables 
to provide position-independence of code 

Conditional jumps upon Boolean functions of flags within + 128 bytes 
of instruction 

Iteration control of loops 

String instructions, including repeat, for rapid iteration 
IV—PROGRAM-STATUS-MANIP INSTR 

8085 flags (carry, auxiliary carry, parity, zero, and sign) plus overflow, 
interrupt enable, direction (strings), trap (single-step), I/O privilege level, 
and nested task. Flag register is software accessible 


Notes: . 

1. Has high-level-language support instructions. 

2. Virtual-address translation, memory management, and protection 
performed by CPU for faster execution. 

3. Trusted instructions can only be executed at highest protection levels. 


Specification summary: 16-bit CPU with 1G-byte virtual-address 
space per user, mapped onto 16M-byte physical-address space. Bus 
cycles execute in 250 nsec at 8-MHz clock (200 nsec at 10 MHz), 
requiring 0.25 wsec for register-to-register moves at 8-MHz clock, with 
8M-byte/sec bus bandwidth. HMOS ion-implanted, silicon-gate circuitry 
in a large chip (335 x 339 mils, approximately 134,000 transistors). Re- 
quires 5V at 600 mA. Has two operating modes: Real-address mode 
emulates 8086; protected virtual-address mode native to 286. Housed 
in a 68-pin JEDEC Type A leadless chip carrier, PLCC, and PGA. 


SOFTWARE 


From Intel: Macroassembler (ASM 286) that includes systems builder, 
binder, mapper, and librarian. Compilers for C, Pascal, PL/M, Fortran, 
and Ada. For applications running in virtual 8086 mode, any of Intel’s 
8086 software tools can be used. Hosts include PC-DOS, VAX/VMS, 
and Intel development systems. Prices are $750 for DOS. Real-time 
operating systems (Intel’s iRMX 286) available. 

From others: Other operating systems and compilers being devel- 
oped by third-party software houses include MP/M-286 (Digital Re- 
search), Xenix-286 (Microsoft), Coherent 286 (Mark Williams), Concur- 
rent DOS (Digital Research), Unix System V (Digital Research), and of 
course OS/2 by Microsoft (Redmond, WA). 
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RTX2000 


AVAILABILITY: Engineering samples of the RTX2000GI-8E (8 MHz) 
and the RTX2000GI-10E (10 MHz) are available now in 85-pin PGA 
packages. Harris expects to have production quantities on the market 
late in ’88. 

COST: In single-piece quantities: 8-MHz RTX-2000 costs $190, the 
10-MHz version costs $250. 

SECOND SOURCE: Zoran Corp (Santa Clara, CA). 

CORE: Available in the Harris Advanced Standard Cell and Compiler 
library. 


Description: The RTX2000 is a high-performance 16-bit ~P with on- 
chip timers, interrupt controller, multiplier, and two 256-word stacks. 
The manufacturer claims that the chip offers a sustained performance 
above 10 MIPS, because each instruction requires only a single clock 
cycle for execution. The chip’s architecture lets designers add hardware 
accelerators and |/O devices that extend the chip’s basic structure. 


The CMOS RTX2000 operates between dc and the maximum clock . 


rate. Power consumption is typically 5 mA/MHz. 


HARDWARE 


ADDRESS DATA CONTROL PCLK ICLK 


ADDRESS DATA CONTROL 


Notes: 

1. Diagram shows basic RTX2000 architecture. 

2. The ASIC-bus interface lets designers extend the chip’s basic archi- 
tecture with peripheral and I/O devices. 


HARDWARE 


From Harris: A Real-Time Express Development System (10-MHz, 
TRXDS-10; $2995) runs from within an IBM PC or compatible. Harris 
also offers 8- and 10-MHz development boards (from $1495) for those 
who want to write their own development software... 

From others: Silicon Composers (Palo Alto, CA) supplies a develop- 
ment board for IBM PC, PC/AT, and compatible computers. The Micro- 
Processor Engineering (Southampton, UK; US agency is AMICS Enter- 
prises, Rochester, NY) Power Board is a stand-alone unit that furnishes 
a variety of 1/O ports and 500k bytes of RAM. 


228 


CHARACTERISTICS 


SUPPORT 


16-BIT CMOS 


Harris Semiconductor 
Box 883 

Melbourne, FL 32902 
Phone (407) 724-7418 


Status: Although Harris places its RTX2000 in a RISC microcontroller 
category, the chip fits into the general-purpose wP category, too. The 
company expects most of the chip’s applications will fall into the real- 
time embedded-control realm. Because the chip directly executes 
Forth-language commmands, Harris expects that designers will find it 
relatively easy to do real-time software development. Harris designed 
the RTX2000 using its advanced standard-cell and compiler library. 
Thus, designers can incorporate the device into ASIC chips. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Full set of math and logic instructions which includes a single-cycle 
16-bit x 16-bit multiplication operation as well as division and square- 
root operations. The architecture also allows 16-and 32-bit shifts. You 
can directly manipulate the top element of either the return or the 
parameter stack 

li—DATA-MOVEMENT INSTRUCTIONS 

Access memory as bytes or words 

Memory-to-stack or stack-to-memory operations require two cycles 
Combine memory or I/O operations with ALU operations 

Access memory in LSB-MSB or MSB-LSB order 

““Streamed’’ memory access with automatic address update 

Access to 1M byte of memory space through page register 
lll—PROGRAM-MANIPULATION INSTR 

Intrapage calls require one cycle, interpage calls take three cycles. 
Return operations require either zero or one cycle 

Single cycle conditional or unconditional branch operations. Conditional 
branches depend on the top-of-stack or on the index registers 
Single-level software interrupt 

IV—PROGRAM-STATUS-MANIP INSTR 

Flags include interrupt enable; interrupt pending; carry; complex carry; 
byte order; and boot 

Automatic interrupt enable on return-from-interrupt operation 

Notes: 

1. The RTX2000 directly executes Forth-language statements—there 
is no assembly language. 

2. Harris claims that the stack architecture is flexible enough that the 
chip can efficiently run many popular computer languages. The chip 
contains a parameter and a return stack. 


Specification summary: 16-bit CPU with 1M-byte address space. 
Bus cycles execute in 100 nsec with a 10-MHz clock. All instructions 
execute in 1 or 2 cycles, and the memory bus is active during every 
cycle. Additional |/O bus for high-speed transfer operations simul- 
taneous with memory-access and processing operations. The architec- 
ture includes two 256-byte stacks, both of which may be active when 
memory- and |/O-transfer operations take place. Harris claims a peak 
data-transfer rate of 80M bytes/sec. On-chip peripheral devices include 
3 counter/timer units and a 16-bit multiplier. The 170,000 mil2 chip 
comes housed in an 85-pin PGA, or an 84-pin PLCC package. 


SOFTWARE 


From Harris: Available software includes a target/host monitor; a 
PC-based Forth development system; an RTX Forth cross-compiler; a 
disassembler; and a DOS file utility program. A Forth kernel and a 
multitasking operating system are in development. 

From others: Laboratory Microsystems (Marina del Rey, CA), Forth 
Inc (Manhattan Beach, CA), and others have software packages for the 
RTX2000 «P. MicroProcessor Engineering's Power Forth for its devel- 
opment board is an extended Forth-83 development environment. 
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STEP 
Am29000 
RISC 
Tools 


Thinking RISC? STEP Engineering Gives You The Winning Edge. 


We can help you win the RISC sweepstakes with high per- 
formance, yet very affordable, Am29000™ development 
tools. For less than what others charge for just an in-cir- 
cuit emulator, STEP Engineering can provide a complete 
Am29000 Development System including: 


O The STEP ADAPT29K™ Hardware/Software 
Integration Station 


Q The STEP 29K ANSI C Compiler 
O The STEP XRAY29K™ Source-Level Debugger 
Q The STEP 29K Assembler/Linker/Loader 


O The STEP SAEV Stand Alone Execution Vehicle 


These development tools let you quickly develop a target 
hardware system, write code in either assembly language 
or 'C" and then quickly debug it using a source level 
debugger. For fast code check-out, the SAEV execution 
vehicle provides a fast execution test bed. For more 


serious integration tasks, the STEP ADAPT29K is the 
ideal way to perform real-time hardware/software integra- 
tion. It operates at speeds to 40 MHz and provides a full 
range of debug features including real-time trace memory. 


STEP Engineering has been committed to high perfor- 
mance custom processor development tools for over a 
decade. Now we are extending that commitment to 32-bit 
RISC processors. Our completely integrated hardware/ 
software tools package, backed by experienced field ser- 
vice and technical support, can give you the advantage 
you need for successful Am29000-based system design. 


So if you have decided to get serious about RISC-based 
design, request our Am29000 Development Solutions 
Literature Package. It will give you the facts you need on 
RISC development tools. Write us at P.O. Box 3166, Sun- 
nyvale, CA 94088 or call (800) 538-1750, in California, 
call (408) 733-7837. Our FAX # 1s (408) 773-1073. 
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[] Cost-Savings Compact Design Concepts (] User Programmable Fonts. 


Employ Surface-Mount Technology Parts. [|] Command-Base 8-Step Dimming Functions. 


(J 8-Bit Parallel and Serial Inputs (1200 BPS). C] Uni-Directional Data Bus. 
[] Low Component-Count to Assure High Reliability. [] 5V/100mA Power Requirements (typ.). 


The New itron VFD Family Offers Optimum Flexibility and Performance. 
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Models shown are available on an immediate delivery basis. Custom designs can also be economically developed on a fast turn-around 
cycle, to satisfy specific needs. As new models are continuously being introduced, contact your nearest Noritake Sales Office or Represen- 


REPRESENTATIVES tative firm for details. 
WA, OR: (503) 684-1671 (1 Components West, Inc. 
No. CA, NV: (415) 961-1422 C1) Westech Sales SALES OFFICES 
So. CA: SD (619) 292-1771 / OC (714) 891-4621 CO ELSCO NORITAKE CO., INC. LJ Electronics Division 
TX, OK, AR, LA: (214) 386-4888 (1 Norcom, Inc. LA: 23820 Hawthorne Blvd. 1) Suite 100 0) Torrance, CA 90505 
CO, UT: (303) 794-4684 11 MRC Phone: (213) 373-6704 L) FAX: (213) 772-3918 


OH, WV, W. PA, KY: (216) 461-6161 C0 Arthur H. Baier 
IL, So. WI: (312) 439-9810 11 Coombs Associates, Inc. 
AL, GA, MS, TN: (205) 533-1730 CF Interep Associates 


CHICAGO: 415 E. Golf Rd. LJ Suite 109 CF Arlington Hts., IL 60005 
Phone: (312) 439-9020 L] FAX: (312) 593-2285 (1 TLX: 230-206892 


IN: (317) 844-4842 C Dorsey & Associates BOSTON: 263 Winn Street 1) Suite 1D 0 Burlington, MA 01803 
No. WI, MN, No. 1A, ND, SD: (612) 536-9512 C1 Tech. Components Phone: (617) 270-0360 1 FAX: (617) 273-2892 L] TLX: 4973468 
N.E.: (617) 870-1930 Ci Bay Colony Representatives, Inc. NORITAKE EUROPA GmbH (L Electronics Division 
PA, MD, DE: (215) 233-0333 0 C.H. Newson & Associates EUROPE: Frankfurter Strasse 97-99, D-6096 Raunheim, F.R. Germany 
FL: (813) 576-9900 Li Tech-Rep Associates Phone: 06142-43095/96/97 L] FAX: 06142-22799 [] TLX: 4182982dnd 
NY, NJ: (201) 376-3324 C0 FF. Sylvester Associates 
VA: (804) 740-0063 1 Glasscock Associates NORITAKE Co., LTD. UL Electronics Division 
NC, SC: (919) 782-8100 C1 KZJ Component Sales JAPAN: 1-36 Noritake Shinmachi, 3 Chome, Nishi-Ku, Nagoya 
E. CANADA: (416) 671-8111 C0 Gidden Morton Associates Phone: (052) 562-0336 L] FAX: (052) 581-1679 (Gill) (1 TLX: 59738 
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80386 FAMILY 


AVAILABILITY: 16, 20, and 25 MHz in production (at 4 locations). 
80386SX in production, 80376 samples available now. 


COST: In 100 qty, $299 for 16-MHz 80386, $484 for 20-MHz 80386. 
80386SX in production; $219 (100). New 80376, $72 (1000). 
SECOND SOURCE: None announced or planned in immediate future. 


Description: The 32-bit member of the 8086 family, suitable for both 
mutiprocessing and multitasking. Contains a full 32-bit, largely 
uncharacterized register set (some competitors debate this) and an 
on-chip MMU containing selectable segmentation and paging support 
with a 32-entry TLB. Has slower emulation mode in which it is 100% 
binary compatible with the 8086 and 80286, allowing 8086 and 80286 
and 80386 applications to run concurrently. 


HARDWARE 


i fe 


3-INPUT 


NOTE SEPARATE 
CODE AND 


_UMIT AND _1# DATA BUSES 


| ATTRIBUTE PLA te : 

anno _ PREFETCH 2 

_®& SEGMENT | AND _ | REGISTER | 
UNIT: = | LIMIT CHECK 4 FILE fC 
Sx 32. fs 


J INSTRUCTION | 
- DECODER 


-2-DECODED 


PAGING UNIT 


32-MHz FROM 
82384 CLOCK 
GENERATOR | 


DEDICATED ALU BUS (32) _ 


MULTIPLY | 
DIVIDE | 


PIPELINE, 
BUS SIZE, 
_ CONTROL 


REQUEST 
PRIORITIZER 


ADDRESS BUS DATA BUS 


Ee 
CONTROL BUS 


Notes: 

1. No on-chip cache, but 20-MHz 82385 cache controller ($125 for 20 
MHz at 10k qty) for implementing 32k-byte external cache. Has posted- 
write and bus-watch features. 

2. MMU on chip said to allow for memory management with no penalty 
in bus bandwidth (if off chip, supplier says, an extra cycle would be 
needed). Allows choices of segmentation or paging singly or in combi- 
nation for multiuser protection and for virtual memory. 

3. The 80386 has its own math coprocessor, the 80387 ($441 for 16 
MHz, $583 for 20 MHz, 100 qty). 

4. Along with the 80387 and 82385, the 80386 can use the 82380 
32-bit peripheral combination chip that incorporates DMA and interrupt 
support and interval timers, etc. 

5. The 80376 is compatible with the 386 programming model, but cannot 
run 8086 or real-mode programs. The chip has a 16-bit external bus. 


HARDWARE 


ICE-386 in-circuit emulator for 80386 hosted on Intel 286/310 running 
Xenix 286, allowing full 16-MHz operation in continuous or single-step 
mode. Can store more than 2000 frames of program-execution history. 
Has high-level-language symbolics. Can analyze time taken by code. 
Supports 80287 and 80387 coprocessors. 

iSBC 386/20 single-board computer for Multibus | and iSBC 386/100 
single-board computer for Multibus Il. Besides the usual features ex- 
pected of supplier’s single-board computers, these incorporate 64k- 
byte caches to permit 16-MHz execution of 386. Starter kits are $9490, 
$7995, and $3860 in 100 qty. 
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——— CHARACTERISTICS 
PROGRAM ———t{¢—_— DATA MANIPULATION 


SUPPORT 


32-BIT CMOS 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


Status: All things point to the 80386 remaining the dominant 32-bit 
uP, certainly for the next 5 years and probably until the year 2000. The 
386 is not necessarily the best »P, but it’s the sole ~P carrying the IBM 
PC momentum into the 32-bit world. Not satisfied that it “‘owns’’ the 
MS-DOS and OS/2 world, Intel is now aggressively after the Unix world 
and now has samples of the 80376—a version of the 386 aimed at the 
embedded-controller world. Intel recently introduced the 80386SX, an- 
other version of the 386 that supplies a 16-bit data bus and a 24-bit 
address bus. The new chip is aimed the installed base of 8086 and 
80286 chips. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Bit manipulation and bit-string manipulation (aided by 64-bit barrel 
shifter) 

Conversion between bytes, words, and double words 

Arithmetic, including 16-bit and 32-bit operands and 32-bit signed and 
unsigned multiply and divide 

(80387 math coprocessor has full IEEE-754 instructions, including all 
transcendentals) 

ll—DATA-MOVEMENT INSTRUCTIONS 

String moves and gang push and gang pop of all registers 
Instructions to insert and extract bit strings (additional addressing 
modes for existing instructions allow more flexibility in assignment of 
registers) 

ili—PROGRAM-MANIPULATION INSTR 

Repeat instructions based on flags 

Enter and leave procedure instructions, conditional or unconditional 
branch to anywhere in 4G-byte memory space 
iV—PROGRAM-STATUS-MANIP INSTR 

Flag instructions mostly same as on 8086 (contains 4 debug registers, 
allowing breakpoints on data or code accesses, even when in ROM) 
V—HLL AND OS INSTRUCTIONS 

Instructions for checking array bounds 

Segment assignment instructions 

Load and store descriptor tables for protection (processor context 
switch via 1 instruction) 


Notes: 

1. Only those instructions beyond basic 8086 instructions described. 
2. 80386 said to be object-code compatible with previous members of 
8086 family and can run their operating systems. There is a ‘‘virtual 
8086”’ mode in which 8086 (and 8088) code can be run within the 
protected 386 environment. 


Specification summary: A more or less standard, ‘‘classical’’ 32-bit 
minicomputer architecture that has a basic register set similar to the 
previous 16-bit members of 8086 family so that it can directly run their 


. machine code. It has added features that make it more general and 


suited to larger 32-bit environments: data-manipulation instructions that 
can be applied to almost any register, high-level-language-oriented 
instructions, operating-system-oriented instructions, and on-chip MMU. 
Performance can be 9k Dhrystones when operating at 16 MHz and 
with sufficiently fast (45-nsec) memory. Fabricated in 1.5-44m CMOS 
(supplier calls it CHMOS-IIl), it’s expected to consume no more than 
400 mA at 32-MHz external clock (16 MHz internal). Packaged in 132- 
lead ceramic PGA. 


SOFTWARE 


From Intel: ASM-386 macroassembler ($600) and PMON-386 ($3500), 
DOS-hosted software debugger (DMON-386 ($2500) is unhosted ver- 
sion). Also iC-386 and PL/M-386 high-level languages, RLL-386 set of 
relocation linkage and library utilities ($600). 

From others: Rapidly growing third-party support, of which most 
important are MS-DOS and OS/2 from Microsoft (Bellevue, WA). (There 
are variations in DOS such as Concurrent DOS by Digital Research 
(Monterey, CA).) Next is Unix V from. AT&T (Morristown, NJ) and Zenix 
from Microsoft. Also real-time executives from Ready Systems (Palo 
Alto, CA), JMI Software (Spring House, PA), and others. In addition 
there are dual combinations of operating systems such as Unix-DOS 
from Phoenix (Norwood, MA), Locus (Santa Monica, CA), and Interac- 
tive Systems (Santa Monica, CA); CTOS-DOS from Convergent Tech- 
nolgies (San Jose, CA); and DOS-DOS from Intelligent Graphics (Santa 
Clara, CA). 

Note: Some software depends on 386 mode. 
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340X0 GRAPHICS ..P FAMILY 


AVAILABILITY: Now. 
COST: $50, qty 10k. 
SECOND SOURCE: Under active consideration. 


Description: 32-bit CMOS pP optimized for graphics-display systems, 
but with true general-purpose Von Neumann architecture so it can be 
used for other applications that need the same bit manipulations as are 
required of pixel manipulations of CRT-type raster graphics. Features 
built-in instruction cache and ability to simultaneously access memory 
and registers. In addition to regular P instructions, it has specialized 
instructions for pixel manipulation. 1G-byte address space is bit ad- 
dressable on bit boundaries using variable-width data fields (1 to 32 
bits). 


HARDWARE 


<— CONTROL he pP ef 9 | 


(16 BITS) 


VIDEO 
INTER- 
FACE 
(SYNCH & 
BLANK) 


LOCAL MEMORY BUS (16 BITS) 


Notes: 

1. Added graphics features are embodied in the second 16 x (32) regis- 
ter file and among 28 16-bit I/O control registers. They allow program- 
mable pixel and pixel-array processing for both monochrome and color 
systems of variable pixel sizes. Hardware incorporates 2-operand ras- 
ter operations with Boolean and arithmetic operations, x-y addressing, 
window clipping, window ‘‘pick’’ operations, 1-to-n bits/pixel trans- 
forms, transparency, and plane masking. 

2. TI's 2nd-generation version (34020) will have a full 32-bit (nonmulti- 
plexed) bus for greater bandwidth. 


HARDWARE 


From Ti: TMS34010 software development board ($1495), which plugs 
into IBM PC or compatible. Used for evaluation, familiarization, and 
software development, and comes with user interface and debugger 
software. TMS34010 XDS/22 emulator box ($14,995) operates as a 
stand-alone unit with nonintelligent terminal or with IBM PC or compat- 
ible as host. 

From others: Board-level and other hardware support now available 
from numerous sources. See TI’s TMS 34010 3rd-Party Guide (call 
(800) 232-3200, ext 701, and ask for literature No SPVBO66A). 
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CHARACTERISTICS 


SUPPORT 


32-BIT GRAPHICS 


Texas Instruments Inc 
MOS Microcomputers 
Box 1443 | 
Houston, TX 77001 
Phone (713) 274-2000 


Status: This wP is included in directory despite its obviously special- 
ized slant toward CRT graphics because it has a general-purpose Von 
Neumann architecture and instruction set, and some of its attributes 
can be equally applied to other, nongraphics applications. In particular, 
its ability to do rapid bit manipulation of a large local address field. 
From the number of IBM PC-based board-level products announced 
that incorporate this part, it can be concluded that it is a success. One 
nongraphic area being explored by users is for industrial control where 
bit manipulation and low cost relative to other 32-bit wPs is found 
attractive, according to TI (even for consumer-oriented uses such as 
arcade games). In some cases, designers in nongraphic areas are 
making clever use of some special graphic features. . 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

General-purpose yP instructions: add and subtract, multiply and divide, 
rotate and shift, compare and logicals 

Special graphics instructions: add, subtract, and comparisons relating 
to x-y coordinates 

lli—DATA-MOVEMENT INSTRUCTIONS 

General-purpose: Move byte, move field, move register 

Special graphics instructions: Move x half of register, move y half of 
register, pixel transfer, pixel block transfer 
lll—PROGRAM-MANIPULATION INSTR 

Call subroutine, conditional decrement and skip, push/pop, software 
interrupt, return from interrupt 

IV—STATUS-MANIPULATION INSTR 

Has 32-bit status register (not all bits used) that can be accessed and 
used for program-manipulation decisions 


Specification summary: 32-bit general-purpose CMOS processor 
with added hardware and software features to support CRT raster 
graphics. Chip contains two 16x (32) registers files, hardware stack 
pointer, and 256-byte instruction cache. One of the 16-word register 
files contains stack pointer and 15 general-purpose registers (the 
equivalent of the GP registers found in regular nonspecialized Ps). 
Addressing modes of these registers are tuned to support high-level 
languages. Other register file is dedicated to CRT control as described 
in hardware note. Has 32-bit-wide address-data bus to support a giga- 
byte of off-chip “‘local’’ memory space. Interfaces directly to dynamic 
RAMs and video RAMs (including dual-port RAMs). A microcoded local 
memory controller supports pipelined memory write operations of vari- 
able-size fields that may be executed in parallel with ALU operations. 
Has separate 16-bit-wide data bus and associated control pins to inter- 
face with host uP. Fabricated in 5V CMOS and packaged in 68-pin 
PLCC. TI expects to sample its 34020 chip in early 1989. The new chip 
is compatible with the 34010, but provides a 512-byte cache and sup- 
ports 1M-bit VRAM chips. 


SOFTWARE 


From Ti: TMS34010 assembler package ($500) for IBM PC and com- 
patibles using MS-DOS 2.11 or higher and for VAX ($1000) using VMS, 
Unix Berkeley 4.2, or Unix System V. Includes macroassembler/linker, 
source/object code archiver, and ROM utility. MS-DOS version also 
has a 34010 simulator. 

A C compiler supporting full Kernighan & Ritchie C with extensions for 
in-line assembly code and enumerated data types. $1000 for PC and 
$3000 for VAX. 

A graphics/math function library ($5000 for source code) provides 
graphics primitives, transcendental functions using double-precision 
floating point, matrix operations for 3-D transformations, text genera- 
tion, etc. TI also offers a font library that contains 19 font styles and 
over 100 font sizes ($3000). 

From others: Software now available from numerous third-party 
sources such as JMI (Spring House, PA), which has done a real-time 
executive. See the Tl TMS 34010 3rd-Party Guide mentioned under 
Hardware Support. 
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Get your free 


copy ofa 
masterpiece — 


the new Allied 
Engineering 2 


Purchasing Fee 
Guide. 

Order your copy today. : 

The new Allied Engineering Manual and Purchasing Guide is a one of a kind masterpiece. In it you'll 
find everything you need to know about electronics. Every page has important information to which you'll 
want to often refer. , 

You'll find all the products you need to design, prototype, build, and repair anything electronic. Besides 
parts, components and accessories, the Allied catalog is your best source for tools and test equipment. 

Allied has brought together products from more than 200 of the top manufacturers in electronics, 
communications, computers, audio and security industries. 

Allied even makes it fast and easy to buy — using either phone or mail. We can give you fast 
availability and shipping answers whether you need one part or a gross. Allied is famous for our special 


customer services. Just let us know what you need. But the first thing you need to do is send in the coupon or 
call us toll-free at 1-800-433-5700. 


Depend on Allied for the latest in electronics. 


ree ALLIED ELECTRONICS 1 


Attn: Catalog Dept. A SUBSIDIARY OF HALLMARK ELECTRONICS CORP 
401 E. 8th Street, Fort Worth, Texas 76102 


Please send me your free Allied Engineering Manual and Purchasing Guide. 


Name Title 

Company 7 Phone 

Address 

Cy ee ee Zip 

© 1988 Allied Electronics, Inc./500-1042_ Asubsidiary of Hall Mark Electronics Corp. EDN102788 
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SESE WACHTER BREMEN 


HARTING/ Austria, Vienna, Tel. 0222-686818-0 - HARTING/ Belgium, Relegem, Tel. 02-465.42.40 - HARTING/France, Fontenay-sous-Bois Cedex, Tel. (1) 48770626 
HARTING/Great Britain, Biggin Hill, Tel. (0959) 71411 - HARTING/Italy, Pioltello (Milan), Tel. 02-92100847 HARTING/Japan, Yokohama, Tel. 045-931.5718 
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LET’S GET TOGETHER. 
IN PERSON. 
OR ON THE PHONE. 


In the electronics industry, the 
people who run today’s top com- 
panies are constantly looking for 
ways to upgrade their hi-tech 
systems. They want products they 
can count on - from people they 
can count on. That's why they turn 
to HARTING. Because we're always 
available — in person or on the 
phone - with the state of the art in 
connector technology. And that's 
why a list of our clients reads like 
an excerpt from “Who's Who in 
Industry”. 
That explains why so many of our 
customers consult us as soon as 
they start to work on a new system 
or configuration. They know they're 
dealing with their kind of people. 
Because they can count on us to 
think along with them right from the 
very beginning. After all, that’s the 
best way to take full 
advantage of | 
HARTING’s decades 
of experience. 
Because eliminating 
problems 
before they even arise is the best way 
to cut costs without cutting corners. 
So, wherever you are, in London, 
Los Angeles, Tokyo or somewhere 
in between, if you use connectors, get 
together with the people from HARTING - 
in person or on the phone. 


World headquarters: 
HARTING ELEKTRONIK GmbH 
P.0. Box 1140 - D-4992 Espelkamp 
West-Germany 
“@ (057 72) 47-1 - Tx) 972 310-11 he d 
Telefax (057 72) 47 462 


CONNECT UP WITH QUALITY - 
WITH HARTING. 


® 


HARTING 


HARTING/Netherlands, AM Etten-Leur, Tel. 01-608-354 00 - HARTING/ Norway, Oslo, Tel. 02-64 75 90 - HARTING/Sweden, Spanga, 
Tel. (08) 7617980 - HARTING/Switzerland, Schwerzenbach, Tel. 01-825 5151 - HARTING/USA, Chicago, Tel. (312) 919-7700 
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8051 Emulator 


ADVERTISEMENT 


Has Innovative Breakpoint Features 


Nohau Corporation’s 8051 emulator, 
the EMULSI-PC, uses a 64K bit RAM 
to generate breakpoints. Each of the 
65,536 possible combinations of the 
16 address lines corresponds to one bit 
in the breakpoint RAM. The “break 
bit” coming out of the RAM is then 


qualified with RD (read), WR (write), 


FB (first byte of instruction) and an 
optional user-chosen external signal. 


The concept of calculating and writing 
relevant patterns into the breakpoint 
RAM results in a number of sophis- 
ticated breakpoint features. Individual 
addresses, ranges of addresses and 
“‘wild-carded”’ addresses are among 
the most obvious useful setups. 


Using line numbers and the corres- 
ponding values from symbol lists 
generated by C-compilers and PL/M 
compilers, breakpoints can be set on 
the first assembly instruction in each 
source line. The result is a “‘high- 
level’’ single step function. 


Everyone who has debugged 8051 
code has probably wished for the 
ability to break on a change of value 
in internal data RAM and special 
function registers. This feature is 
made possible by scanning the entire 
code memory for instruction patterns 
which would write to a specified byte 
or bit if they were executed. Memory 
changes caused by indirect writes and 
stack manipulations cannot be detected 
this way in real time, but a pseudo- 
real-time feature of the EMULS51I-PC 
makes even this kind of breakpoint 
possible. 


Every software engineer’s nightmare 
is to have a program that crashes in a 
random way, especially if the crash 
happens only once a day, or once a 
week. Bugs like these may be virtually 
impossible to find, and they can 
cause severe problems for end users. 
A crash often results in the loss of 
program control, with instructions 
being executed outside the legal 
program area, in data tables, or even 
on second and third bytes of legal 
instructions. 


The emulator can be set up to break 


when the program goes out of control. 


This setup is accomplished by first 
setting the entire breakpoint RAM so 
that every address would generate a 
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breakpoint, then defining the starting 
and ending points of all blocks of 
legal instructions and finally by 
removing breakpoints on every valid 
FB (first byte of instruction). + 
Execution will then break as soon as 
the program goes outside of legal 
program blocks. By looking back in 


the EMULSI-PC’s 16K trace buffer 
(described in a separate article), the 
engineer has a very good chance of 
seeing the cause of the problem. 


Nohau Corp., 51 E. Campbell Ave., 
Campbell, CA 95008 (408) 866-1820 


~Pat. Pend. by Logical Services. 


KILL 8051 ~.- 


BUGS FAST. © 


“Alfer Setup Trace Becks Run fiacro Win alec So 


: _88) BRy Bremkrolnt otlies 


_BBIBRSx Breakpoint in Ge Sloe node er ; 


88 TBR 
_ cconssevazts ‘BRM 
#21: counter = first; /* initial SL 
G22: valve = GxdE; SLi 
$23: last_value = 8; BB 
24: value = read_bit( P3_2_bit); jl 

25: if ((value == 1) fi (lest_value/Gib 

if (counter == 1888) [IB 


ise 
counter ++; 

33: last_velue = value; 
Si: 7* now restart process */ 


counter = 8; ‘iBIC 


Break on Trace tric 
Breakpoint Hode Register 
Set Line BreekPoinis 
Set Line BreakPoints NCC 
Break on internal bit 


Break on internal byte 


Clear breakpoints 
Internal Break on pattern 


Break on Internal Contenis: 


~ Nohau’s EMULSI1-PC 


emulator and trace board 


hunting pair for your 
8031/8051 projects. Plug 
the EMUL5I-PC into your 
PC, XT, AT or compa- 
tible and find bugs that 
other emulators can’t. 
Our powerful software 
makes it a snap to use. 


make a sophisticated bug- 


w Source Level Debug- 


ging for PL/M-5l and C-51 
w 48 bits wide 16K deep 
trace buffer WORLDWIDE CALL: 
4 Austria 02 22 38 76 38-0 
w 20 MHz real-time Australia 02.654 1873 
emulation Benelux —-+31-1858-16133 
= Complete 8051 Family Denmark 02658111 
France 0169 412 801 
es 3 port including Great Britain 01464 2586 
proliferation chips aval 03 499034 
w Available in either Korea 04 784 7841 
“Plug-in” or “Box” Portugal 01 83 56 70 
Scandinavia +46 40 922425 
configurations Spain 03 217 2340 
Switzerland 01 740 41 05 


The EMULS1-PC comes with a 5-ft. cable, software and 1 year hard- 
ware warranty with free software updates. Trace board optional. 
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VL 86COX0 ARM 


AVAILABILITY: Now for production volumes of 86C010. 

COST: $99 for samples. $20 for 86C010 in volume. 

SECOND SOURCE: None. 

CORE: Part of VLSI’s cell library. (Was designed by customer Acorn 
Computers using VLSI’s semicustom tools.) 


Description: ARM stands for Acorn-RISC machine (RISC stands for 
reduced-instruction-set computer). According to RISC-architecture phi- 
losophy, by leaving out seldom-used instructions, a designer can make 
chip smaller and faster. Then, when complex instructions are needed, 
they can be generated by compiler, which in turn is supposed to be 
more efficient and easier to write because of simpler instructions. It is 
one of first Ps designed by customer using supplier's ASIC tools. It 
took 2 systems engineers and 4 circuit designers at Acorn 18 months 
to design initial 86C010 chip, but announcing subsequent upgrades 
such as the 86C020 (tentative number) are that much easier and quicker, 
because the »P is now part of the VLSI ASIC library and the Acorn 
designers are familiar with the design tools. 


HARDWARE 


CONTROL 
ADDRESS 


EXTERNAL BUSES ii 


Notes: 

1. In addition to 86C010 uP, VLSI has associated set of chips for 
memory (86C110), video (86C310), and I/O (86V410). For floating-point 
math, VLSI suggests using one of the commercially available coproces- 
sors such as AT&T’s WE32206. 

2. Note the 25 registers. This is less than on some RISC machines, 
but they do overlap as is common in RISC to speed interrupt service 
(overlapping gives automatic saving of data). This means programmer 
only sees 16 registers at most, and of these, only 15 are general 
purpose. 

3. Some provisions for memory management, including cache and vir- 
tual memory through abort signal, mode control bits. 


HARDWARE 


VLSI says that much of the hardware support comes from Acorn. There 
is a PC-form-factor board ($2500) for software development. (Note: It 
can be expected that VLSI will bias its support toward the ASIC ap- 
proach, in which the ARM pP will be considered a core around which 
the customer will be encouraged to apply ‘‘application-specific’’ 1/O, 
memory, etc; thus, VLSI’s ASIC design tools might be considered part 
of the hardware support.) 
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CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


VLSI Technology inc 
1109 McKay Dr 

San Jose, CA 95131 
Phone (408) 434-3000 


Status: VLSI is the foundry for Acorn Computers Ltd’s (Cambridge, 
UK) ARM pP, and Acorn has permitted VLSI to market the ARM p»P 
to the general OEM market. VLSI says its strategy will be to keep the 
ARM priced well below other 32-bit .Ps (as indicated by the $20 volume 
price compared to $200 or more for other 32-bit chips). The low price 
will be possible because the ARM’s bare-bones architecture keeps the 
chip size small (230 mil sq compared to as much as 400 mil sq for 
some other 32-bit devices). VLSI says Acorn demand is sufficient to 
get the ARM uP up the learning curve. VLSI plans to use the ARM 
core as basis for ASIC variations and has found interest from US 
OEMs in two areas: embedded controllers for graphics and printers, 
and artificial intelligence (according to VLSI, the ARM runs A/! programs 
like Lisp surprisingly fast). 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, logicals and comparisons. Bit clear. Shifts (barrel shifter 
with ALU) 

lI—DATA-MOVEMENT INSTRUCTIONS 

Most data movements are by register-to-register instructions with op- 
tion for multiple-register addressing. Only load and store operations 
to memory (typical of RISC) 

lli—PROGRAM-MANIPULATION INSTR 

Skip-type decision instructions (though old-fashioned, this simple ap- 
proach can give fastest response in some cases). Branch instruction 
has option where combined PC and status register are copied in R14 
data register for quick, simple return 
iV—PROGRAM-STATUS-MANIP INSTR 

Usual status bits are combined with PC and mode-control bits in a 
32-bit-long register. This allows all three elements to be saved in one 
fell swoop 


Notes: 

1. Only 44 instructions, in keeping with RISC concept. 

2. Simple RISC instructions are said to ease the task of writing efficient 
high-level-language compilers. 

3. User and supervisory modes with supervisory mode being entered 
by software interrupt. 


Specification summary: 32-bit CMOS Von Neumann (common 
memory) ~P with RISC-style architecture. Has simple ALU with associ- 
ated barrel shifter and set of 32 registers on CPU pP chip, 16 of which 
are accessible to programmer. Has some features expected in a large- 
memory-space machine: instructions and controls to handle virtual 
memory and caching. 32-bit external data bus and 26-bit external ad- 
dress bus allows linear addressing for external 64M-byte external mem- 
ory space (can be addressed on 8-bit-byte or 32-bit-word basis). Only 
simple load and store instructions for external memory. 10- to 12-MHz, 
2-phase clock gives 4- to 5-MIPS sustained performance with 10 to 
12 MIPS max. Interrupt latency is 2.75-~sec max. No provisions for 
separate |/O addressing so |/O must be memory mapped. Fabricated 
in 2-m CMOS with chip 230 mils on side. 0 to 70°C temperature range. 
Packaged in 88-pin JEDEC Type-B leadless ceramic chip carrier and 
plastic leadless chip carrier. 


SOFTWARE 


VLSI indicates that most of the software support comes from Acorn. 
There is an assembler for the ARM’s instruction set, a Basic interpreter, 
and compilers for popular high-level languages (C and Fortran-77). 
There are also compilers for artificial-intelligence languages (Cambridge 
Lisp and Prolog). Typical pricing for software is $500 each. 
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IMS T212, T414, T800 
TRANSPUTER 


AVAILABILITY: 1801, T1425, and T1222 available late ’88 or early ‘89. 
All other chips available now. 

COST:in 100 quantities; T212, $119; T414, $254; T800, $487.50. 
SECOND SOURCE: None. 


Description: RISC-like machine, though it uses microcode and has 
multiple-cycle instructions. Most interesting feature is incorporation of 
interprocessor communication links to simplify construction of multiple- 
Transputer systems. As many as 100 Transputers have been linked in 
parallel, and supplier claims that the performance increase has been 
linear. To make such multiple-P systems feasible from standpoint of 
cost and board space, supplier has incorporated dynamic-RAM control- 
ler and timers, as well as communication links, on chips. Software 
support for multiprocessing is in form of multitasking real-time kernel 
in instruction set and supplier's Occam language. 


HARDWARE 
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Notes: 

1. Diagram is for T424. T414 same except has only 2k-byte RAM. T212 
is 16-bit version. T800 is 32 bits with 4k-byte RAM and IEEE-754 float- 
ing-point unit. 

2. Unlike most other 32-bit machines, there’s no group of general- 
purpose registers. Instead, substantial on-chip RAM plays an equivalent 
role. 

3. ALU fed from 3 accumulators forming a small 3-deep stack, allowing 
compact implied addressing. 

4. The four serial links allow arrays of Transputers in multiprocessing 
with no bus saturation, which is why speed increase when more »Ps 
are added is said to be linear. 


HARDWARE 


T800, 1414, and T212 are available as discrete components as well 
as on board-level products, including boards for IBM PC, VME, Multi- 
bus, Macintosh, Sun, and MicroVax systems. Modules are also avail- 
able, ranging from a T800 with 8M bytes to a T212 with 64k bytes, and 
include graphics facilities. Multiple modules can be mounted on a 
mother board, and the interconnections can be varied under program 
control using a IMSC004 switchbar chip on the mother board. Mother 
boards are available from Inmos and from third-party suppliers. Buses 
supported include those used in the computers listed above in this 
section. 


CHARACTERISTICS 


SUPPORT 


16/32-BIT CMOS 


Inmos Corp 

Box 16000 

Colorado Springs, CO 80935 
Phone (719) 630-4000 


Status: Volume buildup has been slow—Inmos reports 50k units for 
’°87. One possible explanation is that most of the applications have 
been for multiprocesssor configurations (typically 4 to 10 Transputers), 
so designers have been engrossed by the challenge of developing 
practical parallelism. Supplier expects some of its 75 or so ‘‘design 
wins’’ will move into volume production ’88 and ’89. 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

Integer arithmetic, including multiply and divide. Logicals, shifts, and 
comparisons. T800 has on-chip IEEE FP add and subtract, multiply and 
divide, and square root, both 32 and 64 bits 

li—DATA-MOVEMENT INSTRUCTIONS 

Memory-bandwidth block moves, 2-dimensional block moves for graph- 
ics BitBlt. Load/store of local variables done relative to workspace 
pointer. Indexed load/stores available from address in A register. Imme- 
diate loads done 4 bits at a time. Large immediate values loadable from 
tables, from instruction stream, or from a sequence of special instruc- 
tions 

lll—PROGRAM-MANIPULATION INSTR 

Conditional and unconditional jumps. Procedure call and return. Sub- 
routine call and return. Computed jumps. Process (task) creation and 
deletion. 2-level priority and time-sliced scheduling with message pass- 
ing and time events, using built-in hardware. One level of interrupt 
iV—PROGRAM-STATUS-MANIP INSTR 

Error flag detects overflow. Test, set, clear, stop-on-error instructions. 
One error flag per task priority level. Instructions for checking array 
bounds 


Notes: 

1. Frugal 4-bit operation code allows only 16 basic instructions. Most 
of these are movement types (category Il) involving one workspace- 
pointer-relative 4-bit address and used to push and pop data on and 
off evaluation stack. Two op codes support building data fields bigger 
than the basic 4 bits. One op code causes data field to be interpreted 
as stack operation (eg, add, subtract, etc). 

2. Two priority-ordered process queues are each supported by front 
and back registers, indicating a linked list of processes ready to run. 
Event-based multitasking is fully supported by a real-time kernel in 
microcode. 

3. Supplier's Occam language said to facilitate programming multiple 
Transputer systems, but programmer must still study how best to parti- 
tion task. Third parties have announced extensions to C to accomplish 
same ends. 


Specification summary: Family of 16- and 32-bit Ps oriented to- 
ward multiprocessing. Unique in that they have the hardware and soft- 
ware links that allow them to be hooked to each other for parallel 
processing. The newest family member, the T800, has 4k-byte on-chip 
RAM, which occupies the bottom 4k bytes of a full 4G-byte address 
space. Four, full-duplex, 20M-bps serial links driven by on-chip, 8- 
channel DMA provide basic multiprocessor communication links as 
well as I/O. T800 has on-chip dynamic-RAM controller and a pair of 
timers. One 5-MHz external clock is multiplied by on-chip PLL to gener- 
ate 20-MHz chip clocks, giving 50-nsec instruction cycle. Submi- 
crosecond interrupt latency, procedure call, and task switch. Most 
instructions take 1 or 2 cycles. Integer multiply takes 38 cycles, and 
divide takes 39 cycles (under 2 ysec). Single-precision floating-point 
add takes 7 cycles (350 nsec), FP multiply takes 11 to 18 cycles (550 
to 900 nsec), and FP divide takes 16 to 28 cycles (800 to 1400 nsec). 


SOFTWARE 


From inmos: C, Pascal, and Fortran compilers for all family members. 
Development tools allow multilanguage programming. For distributed 
systems and parallel computing, Inmos also offers Occam, a concurrent 
language with explicit facilities for Transputer interrupt handling, multi- 
tasking, and message passing. Compilers are available either as inte- 
grated suite—the Transputer Development System—with editor, com- 
piler, syntax checker, and multiprocessor linker/loader, or as separate 
components for use with customer’s own editors, etc. 

From others: Inmos says there is a growing body of software tools 
from third parties, including C, Pascal, Fortran, Ada, Lisp, Prolog, 
Modula2, profilers, and debuggers. 
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EDN’s Technical Article Database 
Index is Now on Floppy Disk! 


Now you can utilize EDN magazine's Technical Lp, 
Article Database Index right on your computer 
screen. When used with your IBM PC or com- 
patible computer, this new floppy-based index 
gives you all the benefits of our printed 
index . . . and more: 
¢ Fast computer searches and sorts 
e AND and OR capabilities to precisely specify 
your search criteria 
¢ Printout of search results 


The index lists articles printed in EDN, EDN 
NEWS, Electronic Design, Electronics, Electronic 
Products, Computer Design, and ESD. Two install- 
ments are available—covering articles published 
from May to October, 1987, and from Novem- 
ber 1987 to April 1988. / 


EDN’S index is compatible with most popular 
programs, including 1-2-3 from Lotus, MailMerge 
from MicroPro International, and dBASE fron 
Ashton-late. It also works with Buttonware, Inc.'s 
PC-File+, a ‘“‘shareware’’ database manager that 
you can order from us. * 


Our Technical Article Database Index on your 
computer will mean added convenience for you. 
Order your copy today. 


*EDN provides fully functional copies of PC-File+ for a nominal 
reproduction fee. Receipt of PC-File+ does not constitute ownership, 
which must be purchased from Buttonware for $69.95 if you continue 
to use the program, but merely the right to evaluate the program's 
capabilities. EDN. assumes no responsibility for the programs 
operation. 


PC-File+ runs on IBM PCs and compatible computers and requires 
384k bytes of memory, two double-sided floppy disk drives or one 
double-sided floppy drive and a hard disk, an 80-column display, and 
MS-DOS or PC-DOS version 2.0 or later. 


ORDER FORM 
EDN’s Technical Article Database Index on IBM PC DSDD floppy disc Please Print clearly. 
This is your mailing label. 

Installment | copies at $19.95 = 
(May 1987—October 1987) ($21.95 for non-US) 
Installment 2 2 copies at $19.95 = 
(November 1987—April 1988) ($21.95 for non-US) NAME 
PC-File+ database software (3 disks) copies at $14.95 = 
(Available only in US, Canada, and England) ($16.95 for non-US) ae 

TOTAL 
Check or money order made out to EDN Reprints must accompany each check. No COD. COMPANY 
Massachusetts residents add 5% sales tax. Foreign checks must be drawn on a US Bank, issued 
in US currency. 
Send to: ADDRESS 
Technical Article Database Index 
EDN Magazine 
Cahners Building CITY STATE ZIP 
275 Washington Street 


Newton, MA 02158-1630 
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Futaba, a world leading manufacturer of vacuum fluorescent displays, 
offers a wide assortment of display tubes in many sizes and formats. Also, 
Futaba offers display modules with all the electronics required to refresh the 
display and easily interface with host system. 


Both front glass phosphor, which provides maximum viewing angle and 
uniform surface appearance, and conventional back glass phosphor, with 
optimum brightness and software dimming capabilities, are available. All 
Futaba graphics modules offer complete drive electronics, bit mapped 
control with a DC/DC converter. All active components are surface mounted 
onto a single board. 


Utilizing Futaba’s dot matrix displays, a completely intelligent line of ‘“‘dot 
modules” is available. Each includes all drive, power supply and micro- 
processor components surface mounted onto a single board. Surface 
mounted technology results in higher reliability and allows for a smaller 
overall package and lower cost. All dot modules require only a 5V DC power 
source and can accept parallel or 8 possible serial baud rates. 


Futaba Futaba Pixels Brightness Module 

Display Module (Row X Char.) (FT-L) Dimensions (in.) 
GP1013A GP1013A02 64X34 200 3.39X2.95X0.7 
GP1005B  GP1005B03 128X64 400 7.28X3.35X1.77 
GP1010B GP1010B01 176X16 200 7.32X2.16X1.70 
GP1009B GP1009B03 240X64 200 6.2X2.76X1.57 
GP1006B GP1006B04 256X64 200 9.84X3.35X1.77 
GP1002C GP1002C02 320X240 100* 7.10X6.30X1.60 
GP1018A GP1018A01 400X240 40 7.10X6.30X1.61 
GP1004C GP1004C03 640X400 30 9.65X7.3X1.85 
GP1019A GP1019A03 640X400 35 7.10X6.70X2.56 


“Different Versions Available 


Futaba Futaba Char. _ Dot Char. Module 
Display Module X Row Format Ht. (in.) Dimensions (in.) 
16LD03G = MI6LD03B_ 16X1 OX7 0.433 8.90X1.95X.98 
16SY03Z Mi6SY03B_ 16X1 14 SEGMENT 0.200 4.92X1.32X.83 
ALPHANUMERIC 
20SD01Z_ M20SD01 20Xt1 5X7 0.200 6.3X1.97X.75 
20SD42Z M20SD42 = 20xX1 5X12 0.344 7.1X2.16X.88 
40SD02Z M40SD02 40x1 5X7 0.200 9.45X2.16X.88 
40SD42Z M40SD42 40x1 9X12 0.344 9.45X2.16X.88 
202SD03Z M202SD03 20X2 5x7 0.200 6.7X2.56X.90 
402SD04Z M402SD04 40X2 5x7 0.200 10.43X2.56X.90 


MANY OTHER NEW MODULES 
DISPLAYS AVAILABLE SOON 


Corporation of America 
Electronic Components Division 


711 E. State Parkway Telephone: (312) 884-1444 
Schaumburg, IL 60173 FAX: (312) 884-1635 
240 CIRCLE NO 166 


Compact, flat panel graphic displays and modules 
present clean, sharp images, whether for text or full 
graphics application. 


Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 


Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 


Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 
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Z8000/Z80000 


AVAILABILITY: Now for NMOS Z8000 at 4, 6, 10, and 12 MHz. Now 
for NMOS Z80000 at 8 and 10 MHz. CMOS versions for Z8000 in ’89 
and for Z80000 in ’90. 

COST: $13.80 for Z8000 in 10k qty. 

SECOND SOURCE: AMD (licensed), SGS (Italy and Arizona), and 
Sharp for Z8000. NEC for Z80000, by mask exchange. 

CORE: Zilog is incorporating both Z8000 and Z80000 as cores in its 
‘in-house’ ASIC library, planning to use Zbus for their systems on 
silicon. Says that 160 x 160-mil Z8000 core is small enough to leave 
room for other functions on practical 400 x 400-mil ASIC chip. 


Description: One of first Ps to have architectural features of a mod- 
ern minicomputer. Original 16-bit Z8000 comes in 40-pin package for 
addressing 64k-byte memory or in 48-pin package for addressing 8M- 
byte memory. Said by many industry observers to be architecturally 
more powerful than 8086 but less powerful than 68000. Supplier says 
military has found it to be highest performance 16-bit uP, offering best 
CPU speed, interrupt handling, and character-string search. New 32-bit 
version, Z80000, is superminicomputer-like enhancement that remains 
object-code compatible with the Z8000. Has cache for data and instruc- 
tions and an MMU. 


HARDWARE 
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Notes: 

Supplier has companion peripherals suitable for both processors: 

For Z8000, a range of DMA, FIFO, data ciphering (NBS), communica- 
tions and counter/timer parts. 

For Z80000, two 32-bit parts: a Z32104 CMOS DMA controller, 32-bit 
address and data buses with 8-bit peripheral bus; and a Z32106 CMOS 
floating-point coprocessor that implements IEEE P754 format. 


HARDWARE 


From Zilog: Z-Scan 8000 in-circuit emulator ($5500). 500-pg Z8000 
technical manual. 

From others: Applied Micro, Boston Systems, Hewlett-Packard, Kon- 
tron, Orion, Single Board Sol, Sweet Micro System, and Tektronix. 
Contact supplier for addresses. 
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CHARACTERISTICS 


SUPPORT 


16/32-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


Status: The Z8000 has, according to Zilog, found most acceptance 
in real-time control applications, particularly military. Supplier says it 
has been shipping samples of the much-delayed Z80000 for 6 months 
and some customers have found it will run at over 16 MHz in their 
systems. Zilog will be pushing the Z80320 “'32-bits-for-32-bucks” de- 
rivative of the Z80000. Supplier has again slipped on its schedule for 
CMOS versions, and now says it will be ‘89 for Z8000 and ‘90 for 
Z80000. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including add, subtract, decimal adjust, increment, decre- 
ment, multiply (signed), divide (signed) 

Logicals, including AND, OR, exclusive OR, compare, test, complement, 
rotate, and shift (by n) 

Operations can be on bit, BCD nibble, byte, 16-bit word, or 32-bit 
double word, and can use any of the 16 general-purpose registers as 
accumulator 

The Z32106 floating-point processor will do IEEE-754 operations 
lI—DATA-MOVEMENT INSTRUCTIONS 

Eight addressing modes using general-purpose registers as indexers 
and stack pointers 

Comprehensive set of block-transfer and string-manipulation mac- 
roequivalents, including many dedicated to |/O space 
lli—PROGRAM-MANIPULATION INSTR 

Call and call relative (+ 4096 bytes) 

System call using special system stack pointer 

Jump conditionals 

IV—PROGRAN-STATUS-MANIP INSTR 

Set and reset flags, complement flags. Set-multiple-interrupt modes 
Tests for the micro in and micro out lines for multiple-microprocessor 
configurations 

V—SYSTEM-CONTROL INSTRUCTIONS 

The 80000 has privileged instruction for exclusive use by an operating 
system 


Specification summary: Common-memory architecture with op- 
tional separate I/O space and separate ‘‘systems’’ stack. 28000 is 
16-bit »P that has directly addressable memory space of 8M bytes 
(8001, 8003) using segment pointers, expandable to 48M bytes using 
the six available memory spaces and an MMU. Executes 110 basic 
instructions with 410 combinations at speeds ranging from 0.30 psec 
through 1 or 2 psec to 7 psec for 16-bit multiply, all at 10-MHz system 
clock (4 and 6 MHz also available). Eight large-computer-style address- 
ing modes. NMOS, requiring one 5V supply (plus substrate-decoupling 
capacitor) in either 40-or 48-pin package. Z80000 is a 32-bit upward- 
compatible version of Z8000 and can run same software. 6-stage pipe- 
lining of instruction fetch/execute cycle and 256-byte on-chip associa- 
tive cache for instructions and data for improved performance (and use 
of 100- to 120-nsec memories). Also on-chip MMU for virtual memory 
with address bus a full 32 bits for 4G-byte memory space. At 25-MHz, 
clock has 12.5-MHz (80-nsec) instruction cycles that give 12.5-MIPS 
burst rate (when doing loops out of cache) and 5 MIPS continuously 
(4 MIPS with MMU virtual-memory translation). 16 x 16 multiply in 1.2 
usec and 32x32 in 1.9 psec. 2-~4m NMOS dissipating 3 to 4W with 
1%-m CMOS promised for ’88 (Z8000) and ’89 (Z80000). Initial sam- 
ples have been packaged in ceramic PGAs but lower-cost Z80320 will 
have muxed address and data buses and be in 68-pin PLCC. 


SOFTWARE 


From Zilog: Real-time application software (PC-based). C and PLZ/ 
SYS compilers. 

From others: Real-time executive from Ready Systems (Palo Alto, 
CA), VRTX/8002 ($5775), which is suited to embedded applications, 
and an Ada compiler ($795) from Meridian Software Systems (Laguna 
Hills, CA). Contact supplier for names and addresses of others. 
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68000 FAMILY 


AVAILABILITY: Now for production quantities of all models to 25-MHz 
68020. Samples of 68030. 

COST: In 100 qty, from $10 for low-end 68008 and 68000 to $135 for 
12.5-MHz 68020 and $530 for 25-MHz 68020. 68881 math coprocessor 
is $107 for 12.5 MHz and $347 for 25 MHz. Production pricing for 68030 
not available. 

SECOND SOURCE: Rockwell, Hitachi, Mostek, Signetics/Philips, and 
Thompson SGS, all licensed with mask interchange for 16-bit parts. 
Thompson was to be second source for 32-bit 68020, but Motorola 
Says it plans to keep 68020 and 68030 to itself for time being. 


Description: Family based on a modern minicomputer architecture 
using a basic group of 16 fairly general, 32-bit registers. Family mem- 
bers have various addresses and data-bus widths and different ALU 
widths. The bottom of the line, the 68008, has a narrow 8-bit data bus. 
The middie member, the 68000, has a mid-sized 16-bit data bus and 
ALU and 24-bit addressing. Current top of the line, the 68030, is full 
32 bits throughout with instruction and data caches and MMU on board. 


HARDWARE 


ADDRESS (23) 


ADDRESS 
REGISTERS 


ADDRESS BUS (23 BITS) 


16 BIT INTERNAL BUS 


OVERFLOW 
Notes: CARRY 


1. Diagram favors the basic 68000, which although it has 32-bit-wide 
registers, has 16-bit-wide ALU and data buses and only 23-bit-wide 
address bus. It comes in 64-pin DIP and 68-pin grid array. 

2. Bottom-of-the-line 68008 has only 8-bit data bus and 20- or 22-bit 
address bus. It comes in 48-pin DIP. 

3. Upper-range 68010 and 68012 are similar to 68000 but support virtual 
memory. 68010 has 24-bit address bus and comes in a 64-pin DIP or 
68-pin grid array. 68012 has full 32 bits of address and comes in 84-pin 
grid array. 

4. Top-of-the-line 68020 and 68030 are full 32 bits throughout, including 
ALU and address and data paths. Both have instruction caches and 
the 68030 also has a data cache and an MMU. 

5. Two important support chips, not shown, are the 68881 floating-point 
coprocessor and the 68851 MMU. Both are in CMOS. 

6. The 68070 by Philips/Signetics includes various support functions 
on chip. 


y exrenoQ 
SUPERVISORY NEGATIVE 
INTERRUPT MASK ZERO 


HARDWARE 


HDS-300 hardware/software development station ($15k to $20k) pro- 
vides real-time emulation of 68000 family Ps with bus-state-analyzer 
support and source-level debugging. MEX68KECB educational com- 
puter board is based on 68000. VMO04 is a 68020-based 32-bit Ver- 
Samodule interconnected within a target system using the 32-bit, asyn- 
chronous, Versabus interconnect standard. VME130 is a 68020-based, 
32-bit VME bus module using Eurocard mechanical format. 

From third parties: Family is widely supported by makers of universal 
wP development systems such as Applied Microsystems (Redmond, 
WA). Also, the VME Bus system architecture is used in a broad range 
of applications with more than 150 independent suppliers of compatible 
products. 
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CHARACTERISTICS 


SUPPORT 


i NN 


8/32-BIT, 16/32-BIT, 32/32-BIT 


NMOS AND CMOS 


Motorola Integrated Circuits Div 
3501 Ed Bluestein Bivd 

Austin, TX 78721 

Phone (512) 928-6000 


Status: Part of the success of the 68000 family is due to the success 
of the Apple Macintosh II, and much of the rest is due to 68020’s 
popularity among Unix-based workstations. The new 68030, which is 
now available, is similar to the 68020 but with an extra cache for data 
(in addition to the 68020 instruction cache) and with the 68851 MMU 
on board. There is considerable speculation about the competition the 
68030 will receive from the new RISC yPs, including Motorola’s own 
88000 RISC chips. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including multiply and divide (signed and unsigned) 
Logicals and rotates and shifts 

Can handle bits, BCD nibbles, bytes, short (16 bits), and long (32 bits) 
words 

(Floating-point coprocessors 68881 /2 available) 
ll—DATA-MOVEMENT INSTRUCTIONS 

Five basic address modes are register direct, register indirect, immedi- 
ate, absolute, and program-counter relative. To these modes can be 
added postincrementing, predecrementing, offsetting, and indexing 
Can use eight 32-bit address registers as indexers or stack pointers. 
The eight 32-bit data registers can also serve as indexers 
lli—-PROGRAM-MANIPULATION INSTR 

Branch and jump to subroutine. Branch conditionally 

Link and unlink instructions invoking one address register as frame 
pointer (used to establish temporary local environments in structured 
programming) 

Seven levels of priority interrupts, including nonmaskable, with 256 
possible interrupt vectors 

IV—PROGRAM-STATUS-MANIP INSTR 

16-bit status register is software accessible 

Sophisticated trap operations help user debug programs 

Trace mode 

V—SYSTEM-CONTROL INSTR 

Privileged instructions for operating systems and multiprocessor com- 
munication 


Specification summary: 68020: full 32-bit CPU version of the 68000 
family that’s object-code compatible with all members. Has 16 32-bit 
general-purpose data and address registers, 32-bit ALU with barrel 
shifter, and 32-bit data bus. Also has full 32-bit address bus that can 
reach 4G bytes of direct linear external memory. Supports instruction- 
continuation-type virtual memory. Has 256-byte instruction cache on 
chip and 3-stage pipelining. At 25-MHz maximum clock, executes 5 
MIPS. For tight inner loops with so few instructions that they can be 
contained in cache, and when data can be contained in registers, will 
operate at burst modes to 12 MIPS. With 68881, it can run at 1.25M 
Whetstones. Has 18 addressing modes and instructions to support 
structured high-level languages and sophisticated operating systems. 
Fabricated in 1.5-44m CMOS with 1.5W power dissipation and packaged 
in 114-pin grid array. 68030 is similar to 68020 but also has data cache 
and incorporates 68851 MMU. It will run at 20 to 30 MHz and have 
2x 68020 performance at systems level. It is fabricated in 1.2-um 
CMOS (with planned shrinkage to 1.1 44m). Packaged in 128-pin grid 
array. 


SOFTWARE 


VersaDOS real-time operating system, system V/68 operating system, 
CP/M-68K operating system, concurrent DOS-68K operating system, 
and VRTX real-time operating system ($6775 from Hunter Systems). 
Unix support from Motorola includes direct ports of Unix V, AT&T. X 
assembler for Exormacs and VME/10, X-C compiler VME/10 and Exor- 
macs for VAX/780 are available. 

From third parties: Supplier has catalog listing the considerable 
outside support for family. New type of support is software to allow 
68000 to run MS-DOS (8086) programs: by emulation from Phoenix 
(Norwood, MA) and by Insignia (London, UK, but with offices in San 
Francisco); and by binary translation from Hunter Systems (Palo Alto, 
CA). The latter’s package, XDOS ($600), uses a binary compilation 
approach to generate disks that will run at competitive speeds on 68000 
Ps. 
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Not too long ago, when people were 


predicting that new technologies 
would lead to the demise of the 
rotary switch, Grayhill responded 
by starting to re-design it for today’s 


Keep the quality, 
cut the cost. 


Extensive re-tooling and retro-fitting 
of “old” products—extensive review 


Grayhill makes rotary 
switches right and makes 
them easy to buy. 


Technical specifications in the 


of materials and methods—extensive 


and tomorrow's needs. Here's what |. 
analysis of real-world applications— 


switch specifier's bible, the Grayhill 


were doing— Engineering Catalog, are detailed 
apepsteaata r ee enough to guide you completely. 
ss ola ees ea ae d still higher Application assistance is as near as 
- : eee. our phone, and delivery as n 
Process compatible reliability switches with lower cost Pb: passe Bat tor oom soa - 
designs. materials, where long shelf life and H oe 
g for complete data on rotary switches 


Today’s technology demands low cycle life are required. 


process-sealing so your switches 
withstand wave soldering and 
cleaning processes. We offer 
process-sealed PC mount switches, 
single or multi-deck, with a growing 
range of choices of position, angle of 
throw, rating, circuitry and features. 


for the nineties and beyond—from 
Grayhill! 


Shorter lead times. 


Using interlocking parts instead of 
insert molding is just one way we've 
cut the production cycle on custom 
switches. Your custom switches 
come more quickly, your standard 
switches virtually immediately (from 


More than just local distributor stocks if you prefer). 
run of the MIL. 
We've torture-tested and QPL-d : 
them to provide the industry's We keep advancing 
the state-of-the-art. 


broadest selection qualified to 
MIL-S-3786/04/13/20/35/39! 
Military versions are available for 
every major Grayhill series, 

Y" and 1”, single and multi-deck. 


Our rotary line is never static...see 
box for the latest forward develop- 
ment in rotary switch technology. 


e 
rag hi lf 
Sei eee 
561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 


Phone: (312) 354-1040 FAX: (312) 354-2820 
TLX or TWX: 190254 GRAYHILL LAGE 


AVAILABLE LOCALLY THROUGH THESE REPRESENTATIVES 


_ AUSTRALIA/NEW GUINEA Acme Electronics FRANCE Radio Television Francaise ISRAEL Boran Technologies, Ltd. NORWAY HansH.SchiveA/S — SWEDEN Bo Palmbiad Aktlebolag 
Victoria © Tel: (3) 8900900 | Gentilly © Tel: (14) 664-1101 : Petah Tikva * Tel: 3-9345171 Asker © Tel: (2}90 09 00 Bromma ¢ Tel: (8) 252720 
BELGIUM/LUXEMBOURG Rodelco SA/NV Electronics GERMANY Data Modul AG ITALY Microelit s.r. SINGAPORE, REPUBLIC OF Microtronics Associates Ltd. SWITZERLAND Walter Blum AG 


Zurich:© Tel: (1) 912 68 72 
UNITED KINGDOM Highland Electronics,Ltd. 
Burgess Hill, West Sussex © Tel: (4446) 45021 


Singapore © Tel: 748-1835 
SOUTH AFRICA, REPUBLIC OF Liberty Electronics (Pty. s Ltd. 
Boksburg e Tel: (11) 52-7637 
- SOUTH KOREA Unistandard Corporation 
Seoul © Tel: (2) 532-6815 
SPAIN Unitronics SA 
Madrid # Tel: (1) 24252 04 
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’ Milan © Tel: {2} 46-90-444 
Rome * Tel: (6) 889-4323 
JAPAN Jepico Corp. 
Tokyo © Tel: (3) 348-0611 
NETHERLANDS Rodelico BV Electronics 
_ Breda « Tel: (76) 78-4911 
NEW ZEALAND S.D. Mandeno 
Auckland Tel: {9) 600-008 


Zaventem ® Tel: (2) 720 5013 

CHINA, REPUBLIC OF Morrihan International 
Taipei « Tel: (02) 752-2200 

DENMARK E.V. Johanssen Elektronik A-S 
Copenhagen ¢ Tel: (1) 839022 

FINLAND OY Flinkenberg & Co., AB 
Helsinki © Tel: (0) 647311 
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Mianchen © Tel: (89) 56 01 70 
HONG KONG Components Agent Ltd. 
Hong Kong » Tel: (0) 499-2688 
INDIA Hindco Corporation 
Bombay ® Tel: (22) 493-1544 
IRELAND, REPUBLIC OF Neltronic Ltd. 
Dublin © Tel: {1}503560 


These six power supplies 
are all the same 


They’re all reliable, with an MTBF of over 300,000 hours. 
They’re all very compact and between 78% and 85% 
efficient. And, they all meet internationally recognized 


standards including VDE, IEC, 


48 VDC, can be adjusted by +5% with a potentiometer 

on the PCB. Standard features include comprehensive 

protection circuitry, together with a power warning 
signal. 


more efficient, more reliable and 


UL, CSA; BS-and FCC with ™ : 
respect to safety and RFI. If OWC Ts In short, the PLB is smaller, 


The differences you see are purely 
in mechanical construction. The options mean there’s a 
PLB series AC/DC power supply to suit almost every 
application, whether you need rack or chassis mounting. 


These new 60 to 100 Watt SMPS use highly developed 


flyback technology to minimize component count and 
maximize efficiency. Asa result, they’re up to 50% smaller 
than comparable power supplies. 


You can choose from single, dual or triple output versions 
and all units are user selectable 115/230 VAC. The output 


voltages, in combinations of +5, +12, +15, 24 or 
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The Reliable Source— 
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more flexible than other power 
supplies in its class. But then, you would never expect 
anything less from Ericsson, would you? 


Rifa Inc 

P.O. Box 853904, Richardson, Texas 75085-3904 
Tel: (214) 480-8300 

Telex: 735389 ERICS RCHN 

Fax: (214) 680-1059 


Ericsson Components AB 

Power Products, S-164 81 Stockholm, Sweden 
Tel: +46 8 757 4011 

Telex: 10948 POWERIS 

Fax: +468 757 4884 
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SERIES 32000 


AVAILABILITY: Now for all older NMOS and some CMOS replace- 
ments for NMOS parts. The new CMOS 32532 is available now. 
COST: In 100 qty, from $1 to $975 (see table). 

SECOND SOURCE: None. 


Description: A 32-bit ~P family in which various models bring out 
different-sized address and data buses. The fully 32-bit core processor 
has acquired reputation even among competitors for being ‘‘elegant’’ 
in its symmetry: that is, its instructions and addressing apply regularly 
to all registers, which supplier claims makes high-level-language com- 
pilers easier to write. It also has reputation for needing less memory 
space for programs. These software virtues should apply to all family 
members as strict code compatibiltiy across line. Family is intended to 
match the needs of operating systems like Unix and to have big- 
computer features expected of 32-bit systems, such as demand-paged 
virtual memory, protection of operating system from users, and protec- 
tion of one user from another user. 


HARDWARE 


CONTROL BUS 


32C081 FLT-PT (24) 
SLAVE PROCESSOR 


ADDRESS __ DATA 
CONTROL 


Hardware Notes: 

1. Floating-point chip (NS32580) is example of slave-type processors 
that National is using to extend CPU. These processors will be inte- 
grated on CPU when VLSI technology permits; they are transparent 
to programmer and recognize op codes not used by CPU. 

2. Advanced features include demand-paged virtual memory, position- 


CHARACTERISTICS 


8/32-BIT, 16/32-BIT, 32/32-BIT 


NMOS AND CMOS 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 

Phone (408) 721-5000 


Status: National says that because all its 32XXX family members are 
full 32-bit internally, those members with 8-and 32-bit external data 
buses should also be included, which would bring the total up to 700,000 
units or roughly on par with what Motorola and Intel are claiming for 
their 68020 and 80386. What seems critical now is how well the new 
32532 is received. It appears to be the ultimate CISC machine (for 
now), and if it can run at the promised 30 MHz and deliver the promised 
10-MIPS sustained performance, it should be attractive for multiproces- 
sor Unix systems (whether in reprogrammable or embedded applica- 
tions). 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

All instructions operate on either 8-, 16-, or 32-bit data and can be 
accessed by any appropriate addressing mode. Multiply and divide, 
BCD arithmetic, logicals and bit manipulation throughout memory space 
and CPU registers 

lli—DATA-MOVEMENT INSTRUCTIONS 

Intelligent string operations and bit-field handling allow efficient move- 
ments 

lli—PROGRAM-MANIPULATION INSTR 

Stack- and frame-pointer instructions suitable for high-level languages 
(including Polish notation). Modular software support via special CPU 
hardware (Mod register) and tables automatically implemented for indi- 
rect addressing of position-independent ROMs, etc. Array instructions 
iV—PROGRAM-STATUS-MANIP INSTR 

Status registers in slave processors and MMU as well as in CPU, with 
both privileged and user access 


Specification summary: 32-bit ‘‘maxi-mini’’-type pipelined architec- 
ture implemented in multichip NMOS VLSI. Uniform addressing of up 
to 4G memory locations. Instruction set chosen to match operations 
needed by high-level-language compilers. All instructions can symmetri- 
cally apply to all data types (8, 16, and 32 bits, etc) and all register and 
memory locations. Performance of family ranges from % MIPS to 10 
MIPS (sustained). The top-of-line Model 32532, when running at maxi- 
mum 30-MHz clock, has a peak performance of 15 MIPS and a Dhryst- 
one benchmark of 16.3k. It has 4-stage overlapping execution pipeline 
that includes instruction prefetch and branch prediction. It has parallel 
address and data units, each with own buses and 32-bit ALU. Separate 
caches for instruction and data: the instruction cache is 1k bytes (direct 
mapped); the data cache is 1k bytes, 2-way set associative. On-chip 
demand-paged virtual MMU with 64-entry associative translation look- 
aside buffer. Fabricated in 1.5-~m double-metal CMOS. Packages 
range from 48-pin DIP for 320008 to 175-pin pin-grid array for 532. 
LCC and PLCC packages available for some models. 


BUS WIDTH 
independent ROM code and multiprocessing. Latest 32532 has instruc- PART TECH- | AVAIL- ata 
: ace sie DESCRIPTION EXTERNAL (MHz) 
tion and data caching sufficiently sophisticated to handle multiple- NO NOLOGY |ABILITY (100 QTY) 
processor situations. Supplier claims relaxed memory-access specifica- 
tions, even at 30 MHz. 32008 CPU 32 24 | 8 | CMOS | NOW | $15 (10) 
320016 CPU 32 24 | 16 | CMOS | NOW | $49 (10) 
32C032 CPU 32 24 | 32 | CMOS | NOW | $59 (10) 
32332 CPU 32 32 | 32 | CMOS | NOW /$110 (15) 
32532 CPU 32 32 | 32 | CMOS | NOW /|$750 (20) 
$975 (30) 
32382 MMU — 32 | 32 | NMOS | NOW /|$120 (15) 
32081 FPU 64 — | 16 | CMOS | NOW | $69 (15) 
32381 FPU 64 — | 32 | CMOS | NOW |$399 (20) 
$599 (30) 
32580 FPU 64 — | 32 | CMOS | NOW |$249 (20) 
$325 (30) 
HARDWARE — SUPPORT SOFTWARE 


From National: SYS32/20 that converts IBM PC XT/AT into a Series 
32000 development tool (from $3500). Splice in-system emulation cov- 
ers family pPs up to 32332 with support for 32532 on way. Develop- 
ment/evaluation boards based on 32016, 32032 and 32332 are also 
available from National and from other suppliers (contact National for 
list) with prices from $532 to $9900. 

From others: PC plug-in board with 32016 or 32032 and memory 
($2000 to $3000) that allows running Unix from Opus Systems (Cu- 
pertino, CA). PC-based logic-analysis workstation by Northwest Instru- 
ment Systems (Beaverton, OR). 
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From National: Series 32000 Software Catalog is guide to available 
software from third-party vendors. It lists compilers for C, Pascal, For- 
tran, Cobol, Modula-2, Ada, etc. Supplier says its GNX (Genix Native 
and Cross) languages and tools, and its optimizing compilers can in- 
crease performance and code density as much as 2x. Operating sys- 
tems include supplier's Genix V.3.1 derived from AT&T System V, re- 
lease 3.1. : 

From others: Software-analysis workstation from Northwest Instru- 
ment Systems (Beaverton, OR). Software coprocessor from Phoenix 
Technologies (Norwood, MA) that allows family to run MS-DOS 8086 
programs. VRTX real-time multitasking operating system from Ready 
Systems (Palo Alto, CA); and MTOS-UX from Industrial Programming 
Inc (Jericho, NY). 
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WE32 FAMILY 


AVAILABILITY: Now for both WE32100 and WE32200 (see table for 
speeds). 

COST: $110 for 10-MHz 32100 CPU, 1k qty (see table for others). 
SECOND SOURCE: Zilog for 32100. 


Description: CMOS chip sets for building top-of-the-line, minicom- 
puter-like computing systems. Provided with depth of Unix operating 
system support, so suited to multiuser/multitasking applications. 


HARDWARE 


PART SPEED | PACKAGE | AVAIL- | COST 
NUMBER — DESCRIPTION (wii) PINS | ABILITY | (1k QTY) 


WE32100 32-BIT NOW $110 
MICROPROCESSOR NOW 
NOW 
WE32101 MEMORY- 
MANAGEMENT 
UNIT 
WE32102 | CLOCK | 2-PHASE CLOCK 
WE32103 | DRAMC DYNAMIC-RAM 
CONTROLLER 


WE32104 | DMAC | DIRECT-MEMORY- 
ACCESS 
CONTROLLER 


WE32106 MATH- NOW $110 
ACCELERATION NOW 
UNIT NOW 
WE32200 32-BIT NOW $250 
MICROPROCESSOR NOW 
NOW 
WE32201 MEMORY- NOW $275 
MANAGEMENT 2 NOW 
UNIT 28 NOW 
WE32204 | DMAC | DIRECT-MEMORY- 20 133 1Q’88 NA 
ACCESS 24 
CONTROLLER 28 
WE32206 | MAU MATH- 20 125 NOW $225 
ACCELERATION 24 NOW 
UNIT 28 NOW 
HARDWARE 


WE321DS development system that includes WE321AP analysis pod 
($22,500 for 10-MHz) in-circuit emulation of 32100 and 32101. 14 MHz 
also available. WE321/22 device monitors provide signal observation 
of high-speed systems. 

WE321EB evaluation board ($5500 at 10 MHz, $6500 at 14 MHz) with 
32101 MMU and 32106 math accelerator. 

WE321SB single-board computer with VME Bus that is compatible with 
AT&T 3B computers, giving users access to one of the largest off-the- 
shelf collections of Unix software. 
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CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


AT&T Technologies Inc 
Dept LT 

555 Union Bivd 
Allentown, PA 18103 
Phone (800) 372-2447 


Status: These chip sets have an advantage: AT&T is developing its 
newest versions of Unix on them. But so far there has been no indication 
that they have any marked acceptance for Unix applications compared 
with any of the many other 32-bit 1Ps. Meanwhile, AT&T’s internal use 
of the chips for its 3B computers (in the ‘tens of thousands’’) plus 
other uses where the chips are embedded in AT&T telecomm equipment 
and in commercial applications have given the family the start down 
the production learning curve that is so important for all large 32-bit 
chips. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Fairly complete arithmetic, logical, and bit-manipulation instructions (in- 
cluding 2- and 3-operand instructions) 

lI—DATA-MOVEMENT INSTRUCTIONS 

Wide variety of addressing modes that support high-level language 
constructs (eg, arrays, structures) and allow manipulation of byte, half- 
word, word (32-bit), floating-point, BCD, and string data types. Also 
supports bit field manipulation. All instructions can be used in any 
addressing mode with any data type, allowing programming and com- 
piler design flexibility 

lli—PROGRAM-MANIPULATION INSTR 

Large selection of conditional branches. Conditional returns from sub- 
routines. Call and return from procedures that automatically update 
execution stack, providing efficient procedure linkage 
IV—PROGRAM-STATUS-MANIP INSTR 

The 32-bit status register contains 26 bits of status information that 
covers not only the ALU condition codes of smaller wPs but information 
that relates to exceptions, interrupt mask level, execution level, cache 
control, etc 

V—SYSTEM-CONTROL INSTRUCTIONS 

Operating system instructions that allow efficient process switching 
and system calls (privileged and nonprivileged). Breakpoint, trap, and 
cache flush instructions 


Notes: 

1. Software compatible with AT&T’s previous 32-bit ~P, the WE 32000. 
2. There are four levels of execution privilege: kernel, executive, super- 
visory, and user. 


Specification summary: Upwardly compatible chip sets (see table) 
intended for large-memory, minicomputer-like 32-bit systems. The 
32100 CPU features separate addressing and data execution sections 
each with 32-bit-wide bus. A 64-word instruction cache followed by 
an 8-byte instruction queue control a 3-deep pipelined execution unit. 
Performance can be maintained at 3 to 4 MIPS. The 32100 CPU is 
augmented by four VLSI support chips (see table): The 32101 MMU 
provides support for 4G bytes of virtual memory and incorporates both 
demand-paged and demand-segmented approaches. The 32103 
DRAMC addresses 16M bytes of dynamic RAM, supporting the newest 
1M-bit devices and incorporates refresh control, etc. The 32104 DMAC 
handles 32-bit address generation for rapid memory-to-memory data 
transfers (14.5M bytes/sec) and has additional 8-bit-wide bus for effi- 
cient transfers to slower peripherals. The 32106 MAU coprocessor 
executes IEEE floating-point math, allowing the 32100 system to 
achieve 1.4M Whetstones/sec. Chip set is fabricated in 1.5-~m twin-tub 
CMOS (32100 CPU consumes 0.8W) and are in ceramic grid array 
packages (see table). 

The 32200 enhanced chip set delivers up to 8 MIPS when operating 
in the 20- to 30-MHz range. CPU has 32 registers and 256-byte instruc- 
tion cache. MMU has 4k-byte data cache plus bus watcher. MAU pro- 
vides up to 3.9M Whetstones. 


- SOFTWARE 


WE321SG software-generation programs run on host Unix systems. 
Includes C compiler, assembler, linking editor, and optimizer. Prices 
range from $750 to $1250. Also compilers for Fortran, Cobol, Lisp, 
Basic, and Ada. Over 1000 end-user programs, including Informix, Crys- 
tal Writer, and Multiplan have been developed for the chip set, according 
to AT&T. 

AT&T provides a range of Unix licensing arrangements from $60 for 
binary sublicense for a 1- or 2-user situation to $72,000 for an initial 
license for source code (substantial discounts for educational institu- 
tions). 
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LOCAL AREA NETWORK 


Then take a look at our range of 
quality VMEbus communications 
boards for the shop floor and the 
office. We can link systems usin 
high-performance X.25, RS-232/422/ 
485 Arcnet and IBM Token Ring con- 
nections using wire or optical fiber. 


And we won’t just sell a board and- 
leave you to get on with it. 

Our support department will help 
you to handle any special-to-applica- 
tion problems. The result? A working 
system with the minimum hassle. 


Test our commitment to communi- 
cations. Make a start by asking for 
our Microsystems file. 


LOCAL AREA NETWORK 


More protic | in your 
a FILE 


ARCNET® isa registered “ 
trademark of the Datapoint 
Corporation. IBM® is a 
registered trademark of 
International Business Machines. 

e All modules OS - 9 supported. 
OS-9 is a trademark of Microware. 


-COMPCONTROLBV. it | COMPCONTROL INC. 
: es 31, P.O. Box 193 the VMEbus — Trade Association 15466 Los Gatos Blvd. Suite 109-365 


LOS GATOS, CALIFORNIA 95032 
Phone: 408-356-3817 
Fax: 408-356-1795 
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For circuit breaker choice that’s recognized throughout the world, Airpax has 
the answer. Our SNAPAK® circuit breakers are available with rocker, toggle, 


Cc ae Oo f Cc a paddle, baton, push- g pull or push-to-reset actuation. They offer you a wide 
choice of reliable, magnetic circuit protection to 
L A Ss i L ECC e oO N provide precisely the right style, configuration 
and rating for your designs. 
For enhanced aesthetics in front-panel applications, the SNAPAK family 
. L = C “s oO : xX includes paddle, rocker, and baton handles in seven attractive colors. 
Also available are illuminated rocker handles in LED or neon. 
Compact SNAPAK circuit breakers are offered in single- and 
L A SC a Li A double-pole designs, in ratings and delays from 0.10 to 15 amperes, 
in either DC, 50/60 Hz or 400 Hz versions. In addition, a variety 
DI a AU SW Aw ‘ of mounting hardware and indicator plates allow 


vertical or horizontal mounting, with standard 
‘“‘on-off’’ or “‘I-O”’ imprinting for international 


MD 21613. (301) 228-4600. A division of North American Philips Coronten In Burape. contact N.V. 


we #R designs. Reach out to world markets. Contact Airpax Company, Woods Road, Box 520, Cambridge, 
Airpax S.A., Rue de la Bienvenue, 7-9, B-1070 Bruxelles. Phone: + 32-2-526.29.11. 
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T T For circuit breaker protection that’s recognized 
PRO EC te oy throughout the world, Airpax has the answer. Our 
g SNAPAK® circuit breakers are UL recognized and 
CSA certified, and include many 
LA PROTECCION ©2222 
approved, and meet IEC spacing 
. requirements. They offer reliable, 
L A . RO 4 EC : fe Ne magnetic circuit protection in the most 
| pat : i = : compact breaker design worldwide. 
SNAPAK snap-action ensures greater 
L A Bo he C3 ; = y te “A a lifespan, withstanding shock, vibration 
ae | 2 and temperature fluctuations from -40°C 
: to +85°C. SNAPAK circuit breakers are 
Di ayy C S| ~ 48 al G also trip free, protecting against overload 
3 position. Reach out to world markets. Contact Airpax Company, Woods Road, Box 520, Cambridge, 


even when forcibly held in the ‘‘on 
MD 21613. (301) 228-4600. A division of North American Philips Corporation. In Europe, contact 
N.V. Airpax S.A., Rue de la Bienvenue, 7-9, B-1070 Bruxelles. Phone: + 32-2-526.29.11. 
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radio frequency terrence F 
Capacitors. 
lf your products a are expected to 
perform under varying temperature 
conditions, there are a few things you~ 
should know about Y-capacitors. 
Compare any ceramic capacitor 
with a Rifa RFI cap. That's ceramics 
versus metallized paper. Both types 
are approved by the certification 
authorities in many countries. 

— Atroom temperature and 
lower, the capacitance of the ceramic 
cap is higher than its nominal value. 
The current-to-earth leakage where 
0.5 mA is the safety limit is exceeded 
with an alarming maximum at zero 
degrees, 0.75 mA. 

— At higher temperatures, the 
capacitance is lowered reducing the 


Your quality reputation 
depends on 


Capacitors 


Sweden: RIFA AB, Headquarters | 

Box 945, S-391 29 KALMAR, Sweden 

Tel +46 480 616 00, Telex 43062 KLMRIF S 
Telefax +46 480 151 im 
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rom —40 >t0 "-100°Centigrade 


the leakage current rises less than 
~ 0.05 mA, keeping safely clear of the 


too-high and too-low levels, — 

Even when operating your pro- 
duct incorrectly, the user should be 
protected against electric shock. _ 
Caps made of ceramics perform ex- 
cellently inthe temperature span from 
+40°Centrigrade to some +70 or so. 
On tropical markets your products 
might perform well with ceramic 
caps. 

Metallized paper caps perform 
well from —40°C to +100°C. 


quality 


capacitors. 
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Rifa metallized paper 
capacitors 


QUALITY IN OUR BOOK 


In our book, QUALITY means meet- 
ing your customer’s performance re- — 
quirements, and he certainly doesn't — 
expect your producttogivehiman | 
electric shock or cause interference 
to radio frequencies, does he? 

Rifa capacitors are made to meet 
the needs of practical applications, 
not just to come up to a standard. 

SO if you want all your products 
to perform faultlessly in any country, 
which capacitor do you choose? 

To start with, send for our free 
brochure “Why Meeting Standards | IS 
Not Enough”. 


*) Leakage current span at 4,700 pF, 
from —40°C to +100°C 


Please send the coupon to: RIFA AB 
Box 945, S-391 29 Kalmar, Sweden 


Please, send me my copy of your new 
brochure “Why meeting standards is not 
enough”. 

Name 


— Company © 


Address 


Country 


ops eo BONIS 
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CLIPPER 


AVAILABILITY: Now for C100. Samples of C300 available now, pro- 
duction in late ’88. 

COST: For C100 module (33 MHz) with.clock, $715 (1000); 30 MHz 
C100 chip set $549 (1000); and C300 module (50 MHz) $1215 (1000). 
SECOND SOURCE: None announced. 


Description: CMOS RISC-based uP has a dual-bus Harvard architec- 
ture. Three-chip set includes a CPU that incorporates a floating-point 
math unit (FPU) and two cache/MMU chips: one for instructions and 
one for data. Because the dual caches are large (for Ps), the Clipper 
_is said to achieve 90% hit rates and sustain a 5 to 17 MIPS performance 
with peak performance reaching 50 MIPS. 


HARDWARE 


— DATA AND ADDRESS COMPUTATION ————————+ 


| REGISTER FILE. 
DIVIDED AS SHOWN 
INTO THREE SECTIONS 


ALSO USED 
MULTIPLY AND DIVIDE 


| soeevrecacne | 


| PROGRAM COUNTER 
eee 


a5 OEE CACHE 


Lee CC. 
35-45-IN PC CARD 


EXTERNAL SYSTEM BUS FOR DRAMS (4-BIT NIBBLE MODE) 1O ETC 


Hardware Notes: 

1. Clipper consists of three CMOS chips. The original chip set, C100, 
with its 33-MHz clock, is shown in diagram. The forthcoming C300 is 
a plug-in upgrade that runs at 50-MHz clock. 

2. The CPU chip has RISC-like ALU plus a CISC-like macrocode ROM 
and floating-point unit. The other two chips are identical pin- 
programmable cache/MMU chips, so one can be used for instruction 
caching and the other for data caching. The instruction cache carries 
the CPU's PC (instruction program counter). The 4096-byte capacity 
of each cache (large for Ps) plus the sophisticated caching control 
(2-way set associative) gives the Clipper a high hit ratio (over 90%), a 
key factor for sustained execution speed. 

3. Each cache supports virtual memory via the on-chip MMU. The 
caches (especially the data cache) operate on a physical memory basis, 
so less flushing is needed. The C100 requires 135-nsec memory de- 
vices, and the C300 requires 90-nsec memory devices. 

4. Sophisticated pipelining is used on CPU, but with provision for by- 
passing so that an instruction can obtain the result of a preceding 
instruction without delay. 


HARDWARE 


The Clipper Module card integrates the three Clipper chips into a func- 
tioning CPU. It provides the clock and PC wiring and a 96-pin DIN 
connector. User must provide the bus buffers externally. 

Intergraph supplies development systems that provide a 33-MHz Clip- 
per CPU, 8M bytes of RAM, 156M bytes of hard-disk storage, and an 
Ethernet interface. Software includes Clix, based on Unix System V; a 
C compiler, a loader/debugger; and utilities. 
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CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Intergraph Corp 
Advanced Processor Div 
2400 Geng Rd 

Palo Alto, CA 94303 
Phone (415) 494-8800 


Status: The Clipper C100 has been in production since early 1987, 
with 18,000 units shipped through July 1988. The manufacturer claims 
monthly shipments exceed 1000 units. The C100 is now available as 
a 3-chip set in PGA packages, and the C300 uP is now available in 
sample quantities. The Advanced Processor Div, part of Intergraph 
Corp (Huntsville, AL), enters its second year of operation, and Inter- 
graph says it wholeheartedly backs Clipper’s efforts in the merchant 
OEM market. 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply, and divide (32-bit integer and 32- and 64-bit 
IEEE floating point done in floating-point unit), floating-point converts, 
negate, compare, logicals, including AND, OR, EXCL OR, and NOT 
32- and 64-bit shifts and rotates, including floating point 
li—DATA-MOVEMENT INSTRUCTIONS 

Architecture favors register-to-register operations and avoids opera- 
tions on memory other than register-to-memory movements. There are 
nine addressing modes, including absolute, relative (with and without 
displacements), relative indexed, and PC indexed. Despite streamlined 
instruction set, architecture provides efficient string moves, because 
execution control is switched over to macrocode ROM 
lll-PROGRAM-MANIPULATION INSTR 

Macrocode ROM is used for context switching save and restore instruc- 
tions that support entry and exit from interrupt and trap routines. Push, 
Pop, supervisor, and user stacks (any register can be used as pointer) 
iV—PROGRAM-STATUS-MANIP INSTR 

Two status words, a user-program status word and a privileged system 
Status word (which can only be written in supervisory mode) 
V—SPECIAL INSTRUCTIONS 

Supervisory mode commands. Hardware supports 18 hardware traps 
and 128 supervisory calls. Software semiphores are supported for mul- 
titasking 


Software Notes: 

1. Clipper’s 168 instructions are a balance between 1-cyle RISC and 
multicycle CISC commands. The RISC takes care of the simpler, most 
frequently used instructions. The CISC macrocode takes care of com- 
plex instructions such as floating/integer conversion, character-string 
manipulation, save and restore registers, and trap/interrupt entry and 
return sequences. 

2. C100 and C300 instructions are compatible. 


Specification summary: Modified RISC-type architecture in which 
the basic frugal RISC instruction set is supplemented with boost from 
microcode ROM. The bus-bandwidth bottleneck is solved by having 
separate buses for instruction and data and putting a cache/MMU chip 
on each bus. Putting the caches on separate chips allows them to be 
large enough to generate hit rates over 90%. Partitioning also allows 
IEEE 64-bit floating point to be incorporated on CPU chip so there is 
no off-chip delay (as when going to an external coprocessor). There 
is no need for CPU to have a separate multiply divide hardware because 
these operations can be done in the floating-point unit. Performance 
is 6 to 7 MIPS average for C100 and more than 13 MIPS for C300. For 
user convenience, the chips are sold mounted with clock on a 3.5 x 4.5- 
in. multilayer pc card with 96-pin DIN connector. C100 chips are avail- 
able separately, too. 


SOFTWARE 


Clipper cross-support package that runs on VAX ($8000) and Mi- 
croVAX-Il ($6000). Consists of three elements: standard Unix System 
V development tools; optimized C, Fortran, and Pascal compilers, Basic 
interpreter, assembler, linker, and debugger; and a complete software 
simulator. There is also Clipper’s Clix, a Unix V 3.0 operating system. 
Third parties are preparing software that will allow Clipper to run MS- 
DOS 8086 programs via software emulation from Insignia (UK) and via 
binary code conversion from Hunter Systems (Palo Alto, CA). 
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SPARC RISC 


AVAILABILITY: From Fujitsu: now for prototype quantities of 
MB86901, production quantities by 9/88. From Cypress: 7C601 is avail- 
able now. From BIT: early ’89 for bipolar ECL BIT SPARC chip. From 
LSI Logic: late ’88. 

COST: For Fujitsu: $325 (5000). For Cypress: $634 (100). Prices for 
LSI Logic and BIT parts not yet determined. 

SECOND SOURCE: Fujitsu, Cypress, LSI Logic, and BIT SPARC p»Ps 
will be different and probably not hardware compatible. But they must 
all run SPARC software as defined by Sun Microsystems Inc (Mountain 
View, CA). 

CORE: Fujitsu has made a start in this direction with a gate array. LSI 
Logic will also offer RISC elements in its ASIC library. 


Description: Goal is to set a high-performance RISC-type software 
standard while allowing maximum hardware flexibility so that multiple 
vendors can vie for present and future maximum performance. Sun 
Microsystems defined SPARC at instruction-set and programmer's 
model level and then entered into entirely separate joint agreements 
with silicon vendors with the intent of reaching 100-MIPS performance 
by 1990. Meanwhile, Sun provides development hardware and software 
support via its workstations. 


HARDWARE 
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Notes: 

1. Diagram is for Fujitsu 86901. Fujitsu also supplies gate-array com- 
panion chip 86910 that provides interface to Weitek 1164/65 floating- 
point chip set. 

2. Cypress will implement its SPARC in full-custom CMOS using Cy- 
press’s 0.8-.m 2-layer metal process. The chip set will include integer, 
floating point, and cache ‘‘solutions.”’ 

3. BIT will implement its SPARC in bipolar ECL, and will provide com- 
panion FPU chips. 

4. SPARC stands for scalable processor architecture. 


HARDWARE 


Silicon vendors refer customers to Sun workstations, indicating that 
even the older models that use Motorola 68000-family Ps are adequate 
as Sun maintains software compatibility (obviously the newer models, 
from Sun-4 onward, which use SPARC, would be ideal). 

Evaluation boards from Cypress and Fujitsu. Mizar (Carrollton, TX) 
expects to offer VME Bus boards for the 86901 in late ’88. 


CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Bipolar Integrated 
Technology (BIT) 

Box 4750 

Beaverton, OR 97076 

Phone (503) 629-5490 


Fujitsu Microelectronics Inc 
3330 Scott Bivd 

Santa Clara, CA 95054 
Phone (408) 727-1700 


Cypress Semiconductor 
3901 N First St 

San Jose, CA 95134 
Phone (408) 943-2852 


LSI Logic Corp 

1551 McCarthy Bivd 
Milpitas, CA 95035 
Phone (408) 433-8000 


Status: Here is another instance where an OEM has developed a pP 
for its own strategic needs and then let semiconductor vendors openly 
market the resulting device. A twist in this case is that the OEM, Sun 
Microsystems (Mountain View, CA), is also a leading workstation vendor 
and is able to back up the pP with all-important development support. 
The motivation of all concerned is to demonstrate and promise such 
dramatic performance/price progress that there’s sufficient OEM and 
third-party following to make SPARC a “‘winner’”’ in the current high- 
MIPS sweepstakes. As with some other RISCs, SPARC lacks full multi- 
ply (only multiply step) and thus may need help of coprocessor. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply (step). Logicals and shifts. (Floating-point opera- 
tions via Weitek 1164 and 1165) 

li—DATA-MOVEMENT INSTRUCTIONS 

Load and store to memory (in RISCs only simple loads and stores 
used to external memory). Load and store to CPU registers. Load and 
store to floating-point registers. Load and Store to coprocessor regis- 
ters 

llil—_PROGRAM-MANIPULATION INSTR 

Call subroutine, branch conditional, save and restore, jump and link 
(there are 128 hardware and 128 software traps, mostly user definable) 
iV—PROGRAM-STATUS-MANIP INSTR 

Read and write processor state register (note that integer, floating- 
point, and coprocessor condition codes are mentioned) 

V—SYSTEM LEVEL INSTRUCTIONS 

Instruction-cache flush. Can set up system and user modes and associ- 
ated protection (note that address pins define user and system instruc- 
tion and data spaces) © 


Notes: 

1. There are four stages (five in BIT »P) of pipelining, and it is up to 
optimizing compiler to prevent pipeline breaks by inserting a delay 
instruction before branch instructions. 

2. Overlapped CPU register file windows are said to allow faster contact 
switching than if usual stack were used. 


Specification summary: 32-bit »P family that is standardized at 
software level but open at hardware level for whatever implementation 
gives a competitive performance/price ratio. Architecturally it follows 
the RISC philosophy of minimum instructions (Fujitsu shows about 107), 
most of which execute in single cycles (1.3 to 1.7 clocks per instruction). 
It has a fairly large number of on-chip registers (120) to hold data being 
processesd for rapid access, which also permits the fixed-length in- 
structions to carry the two source and one destination addresses 
needed for single-cycle operations (register file has 3-port structure). 
The on-chip registers are partitioned into seven 24-register groups 
that are overlapped at edges so that parameters can be easily passed 
between them. There are also eight global registers. Can address 4G 
bytes of direct address space and 256 pages of 4G-byte indirect space. 
Addressing supports various user-defined cache configurations. Fujitsu 
86901 has separate coprocessor port that couples tightly to Weitek 
1164/65 FP chips. Performance ranges from 10 MIPS sustained for 
Fujitsu 86900 at 16.67 MHz, to 20 MIPS expected of Cypress chip set, 
to projections of 50 to 100 MIPS by 1990. Both semicustom (gate 
arrays) and full-custom design approaches are being used. Strategy 
is to aggressively upgrade performance by frequent redesign in newer 
technologies as they emerge. (LSI Logic is extending its RISC commit- 
ment by also manufacturing the MIPS Computer Systems Inc 
(Sunnyvale, CA) 32-bit RISC »P and its family of support chips.) 


SOFTWARE 


Vendors say they’ll pass along Sun’s optimizing compilers for C, Pascal, 
and Fortran as well as Sun’s Unix operating system. Wind River Sys- 
tems (Emeryville, CA) will provide a real-time operating system. A 
SPARC monitor is available from Bradley Forthware (Sunnyvale, CA). 
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Introducing 100MHz 


performance in a low-cost. 


general purpose 
digitizing oscilloscope. 


Instant Hardcopy Output 

Full Programmability 

Automatic Measurements 
Pushbutton Automatic Set-up 
Advanced Logic ‘Triggering 

Rasy to Use 

The new HP 54501A Digitizing 
Oscilloscope is, without a doubt, 

the general purpose digitizing 
oscilloscope you've been waiting for.. 
It does what most analog scopes willl 
do and it provides additional perform- 
ance capabilities found in the most 
expensive digitizing oscilloscopes. 


Compare at twice the price. 


The combination of low price, high 
performance and a full set of features 
makes the HP 54501A the best scope 
available, even when compared 
feature-for-feature to competitive 
scopes costing up to twice as much. 
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An intuitive operating interface 
makes the HP 54501A extremely easy 
to work with. And it’s packed with 
features that make set-ups and meas- 
urements a Snap—including HP Auto 
Scale, dual timebase windowing 
and four separate set-up memories. 

You get versatile, programmable 
100MHz measurement capability. 
Plus there are passive probes and 
a new TV/video pod among a wide 
selection of accessories that make 
your job even easier. 


See the HP 54501 in action. 


Contact your local HP sales office 
to learn all the details on the 
new 54501A. 
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AO Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 Fax: 617-326-6313 


WEST: 


30423 Canwood St., 


Suite 212 

Agoura Hills 

CA 91301 

Tel: 818-889-3827 
Fax: 818-889-8215 


U.K.: 

The Harlequin Centre 
Southall Lane 
Southhall 

Middlesex 

UB2, 5NH, U.K. 

Tel: 571-9596 

Telex: 935008 


Fax: 571-9439 
? CIRCLE NO 173 


Taiko No. 3 Bldg. 
2-10-7 Shibuya-Ku 
Tokyo 542, Japan 


Telex: 781-24335 


Introducing video driver hybrids 
from Teledyne Philbrick. 


High-resolution graphic displays require quick 
response. That's why Teledyne Philbrick has com- 
bined all the driver ICs and transistors you need in 
one powerful space-saving package. 


Where discrete components fall short, new 1900 
Series Video Display hybrids come on strong as 
high speed trans-conductance amplifiers with high 
voltage, open collector outputs. They accommodate 
standard RS-170 or RS-343 interfaces. And accept 
differential or single-ended inputs with a common- 
mode input voltage range of +3V. 


The 1901 is capable of driving up to 5OV pp swings 
into 6oF loads with bandwidths of over 146MHz. 
Combining an output buffer stage with the 1901, the 
1902 provides up to 100V pp swings in 20pF 

loads. These specifications provide flexibility in CRT 
selection and ease of mechanical mounting in 
projection and high brightness displays. Both the 
1901 and the 1902 eliminate 
the need for pre-amps, < 
ensure rise times of 2-4ns * 
and provide easy thermal 
management. 


Altogether, the 1900 Series 
gives you a powerful, new 
edge in designing sophisti- 
cated, compact imaging 
systems for CAD, avionics and large screen 
applications. 


Qualified to MILSTD-1772, Teledyne Philbrick is a 
leading manufacturer of high performance, high 
reliability standard and custom microcircuits for 
industrial, medical, military and space applications 
worldwide. Send for complete specifications. Or call 
us toll-free at 1-800-325-1330 (outside MA). 


MIL-STD-1772 Qualified 
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29000 RISC 


AVAILABILITY: Now for 29000 CPU and 29027 arithmetic accelerator. 
COST: In 100-piece lots, $174 for the 29000 (16 MHz) and $422 for 
the 29027 (16 MHz). Parts are also available in 20-and 25-MHz grades. 
SECOND SOURCE: Under negotiation. 


Description: State-of-the-art implementation of RISC pP concepts 
with expected stress on obtaining as close to single-cycle operation 
as possible (even with branching) and a special emphasis on keeping 
user’s system costs down by bus timing, etc, which allows lower-cost 
external memories. Note that though first two digits of this »P’s desig- 
nation—‘‘29’’—are the same as supplier’s previous building-block fami- 
lies (See elsewhere in directory), this 29000 family is the opposite 
architecturally. The other building-block families are intended for user- 
defined (microcoded) complex instruction sets, whereas this pP has a 
regular, fixed and purposely simple instruction set; moreover, it is de- 
coded by logic. Companion compilers are an essential part of family. 


HARDWARE 


CONTROL ——>} DATA MANIPULATION» 


INTERRUPTS, 
BUS CONTROL, ETC 


INSTR ADDRESS DATA 


Notes: 

1. Burst-mode addressing allows use of lower-cost video RAMs to 
replace more-expensive, high-speed, static CMOS RAMs, with only 
moderate loss in performance (14 MIPS sustained vs 17 MIPS). 

2. There is a coprocessor interface to companion 29027 floating-point 
chip. The 29027 uses combinatorial logic, so operations take only five 
29000 cycles. 


HARDWARE 


The ADAPT29K development and prototyping tool lets you develop 
hardware and software on a 29000-based system. Debugging and chip- 
test aids are available in 29000 hardware, some of which are equivalent 
to having an in-circuit emulator. Can halt and single-step through pipe- 
line. Can jam instructions into instruction register, execute them, and 
then return to regular code. 
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CHARACTERISTICS 


SUPPORT 


eee 


32-BIT CMOS 


Advanced Micro Devices (AMD) 
901 Thompson PI 

Sunnyvale, CA 94086 

Phone (408) 732-2400 


Status: AMD has long been conscious of performance tradeoffs in 
high-end architectures because of its involvement in bit-slice Ps (2900 
family), and this first venture into a fixed-instruction-set ~P is most 
interesting. This ~P is RISC (reduced-instruction-set computer) based, 
and is quite the opposite of the microcoded CISC (complex-instruction- 
set computer) architectures of the bit-slice Ps. It’s too early to tell 
how this »P will fare in the marketplace, but AMD says it is aiming 
squarely at the embedded-processor market with the 29000. AMD be- 
lieves competition for the 29000 will come not from existing RISC wPs 
such as the Clipper and SPARC, but from Motorola’s 88000 and RISC 
products from Intel. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply (step), divide (step) 

Logicals, compare, convert floating point (floating point is not currently 
implemented in hardware but companion floating-point chip 29027 is 
available) 

li—DATA-MOVEMENT INSTRUCTIONS 

Register-to-register moves 

Load and store to external memory and I/O 
lli—PROGRAM-MANIPULATION INSTR 

Jump, call subroutine, and returns 

Branches (with decisions based on Boolean data in general-purpose 
registers rather than ALU condition codes) 
iV—PROGRAM-STATUS-MANIP INSTR 

Status register has usual bits to indicate ALU condition 
V—SYSTEM-LEVEL INSTRUCTIONS 

Some of the 23 special-purpose registers are for system control, and 
these are protected and can be set up via software (some also are 
affected by execution) 


Notes: 

1. Total of 115 instructions, not all of which are yet implemented in 
hardware, and only cause traps. 

2. Multiply and divide on the 29000 only does one step. The full multiply 
and divide instruction causes a trap operation at which a compiler can 
insert a software routine. 


Specification summary: 32-bit CPU fashioned after RISC concepts, 
designed to perform most frequently used, simple instructions in one 
cycle. Offered with companion compilers intended to take advantage 
of architectural simplicity and produce code optimized for performance. 
Also offered with companion floating-point chip, 29027, which in more 
CISC fashion makes up for crudeness of math instructions (only partial 
multiplication and division instructions). Features that ensure unin- 
terrupted flow in 29000’s 4-stage execution pipeline are single-cycle 
branching with branch delays and a 512-byte branch-target cache. Main 
192-register file has a 3-port configuration so that instruction fields can 
specify sources for both operands and the destination for the result. 
128 of the registers are addressed by a stack pointer that (in conjunction 
with the compiler) provides a type of ‘‘caching”’ that speeds procedure 
Calling. External memory space is reached by 4G-byte virtual addressing 
with demand paging. An on-chip 64-entry MMU performs address trans- 
lation in a single cycle and is flexible so users can choose memory 
strategy. 25-MHz operating frequency (40-nsec clock period) gives 25- 
MIPS peak and 17-MIPS sustained performance. Fabricated in 1.2-4m 
(effective) CMOS with 1.5W power dissipation. Housed in 169-pin PGA. 


SOFTWARE 


AMD supplies a simulator, debugger, resident debugger, and a cross- 
development package. AMD has contracted with a ‘‘leading’’ compiler 
source for optimizing compilers for C, Fortran, Pascal, and Ada. Note 
that there is an intentional symbiotic relationship between 29000 archi- 
tecture and compilers. For example, compilers have access to internal 
29000 operations, such as pipelining, and thus can insert useful instruc- 
tions at branch delays. They can also weed out redundancies in loops. 
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88000 


AVAILABILITY: Both the 88100 CPU and the 88200 cache/memory- 
management unit (CMMU) should be available in late '88. Limited num- 
bers of samples have been available for selected customers during the 
past months. Motorola and Data General (Westborough, MA) have an 
agreement to produce the 88000-family chips in ECL. 

COST: In 100 to 499 quantities, the 88100 costs $495; the 88200 costs 
$795. 

SECOND SOURCE: None announced. 

CORE: Motorola’s architecture can incorporate as many as six special- 
function units (SFUs) into the 88100 chip. Customers can place copro- 
cessors and other circuits in the SFUs. 


Description: The 88000 family is Motorola’s entry into the reduced- 
instruction-set computer (RISC) arena. Originally dubbed the 78000, 
the 88000 family encompasses the 88100—the CPU—and the 88200— 
the memory-management unit. The 88100 chip supplies full 32-bit regis- 
ters, data paths, and addresses. Most instructions take only one cycle, 
or are put in a concurrent execution pipeline in one cycle. The chip 
also performs standard IEEE-P754 floating-point math operations in 
one cycle. The corresponding 88200 cache/memory-management unit 
(CMMU) supports a demand-paged virtual-memory environment. The 
chip controls two 4G-byte logical address spaces—one for the user 
and one for the supervisor. The chip’s architecture supports multipro- 
cessor operations. 


HARDWARE 
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Notes: 

1. Architecture shown is. for the 88100. The CMMUs are shown in 
block-diagram form. 2 

2. The P bus supplies the interface between the 88100 and either local 
memory or an 88200 CMMU. The synchronous P bus operates at the 
same clock rate as the 88100. Peak data rate is 80M bytes/sec. 

3. The 88100 includes 32 general-purpose registers. 


HARDWARE 


From Motorola: The company has announced its Platform-88 
($39,500) for system developers. The computer should be available for 
- shipment now. 

From others: Various 88000 hardware is available from Beacon Tech- 
nologies (Valparaiso, FL); Golden Triangle Computers Inc (San Diego, 
CA); Integrated Micro Products Ltd (Durham, UK); Tadpole Technology 
(Cambridge, UK and Dublin, CA); and Tektronix Inc (Beaverton, OR). 
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CHARACTERISTICS 
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SUPPORT 
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32-BIT CMOS 


Motorola inc 

Microprocessor Products Group 
6501 William Cannon Dr W 
Austin, TX 78735 

Phone (800) 441-2477 


Status: Although it was known for some time that Motorola was under- 
taking a RISC pP project, the resulting 88000 »P family was finally 
announced in April ’88. Motorola not only unveiled its two chips, but 
also produced a list of more than 25 companies that have adopted the 
88000 P family or that are developing software for it. Further bolstering 
the position of the nascent 88000, an independent group of manufactur- 
ers has already founded the 880pen Consortium Ltd (Stratham, NH) 
to support and promote the »P family. More than simply a promotional 
trade group, the consortium aims to develop standards for the 88000 
family. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

The integer-math instructions include add, subtract, divide, multiply, 
and compare. There are equivalent floating-point instructions as well 
as integer-float conversion, store, exchange, round, and truncate 
instructions. The instructions also provide logical and bit-field opera- 
tions 

lI—DATA-MOVEMENT INSTRUCTIONS 

The basic data-movement instructions let the CPU load registers, ad- 
dresses, and the control register’s contents. The CPU can also store 
information and exchange the contents of registers and memory. The 
instruction set includes operations that move data within the floating- 
point math unit 

lli—PROGRAM-MANIPULATION INSTR 

These instructions include conditional and unconditional branch, jump, 
and subroutine-call commands. The 88100 also provides trap instruc- 
tions that check bit locations, memory boundaries, and interrupt condi- 
tions 

iV—PROGRAM-STATUS-MANIP INSTR 

The 88100 can process exceptions—those conditions that cause the 
processor to stop its operation and locate a potential problem. Excep- 
tions include interrupts, memory-access faults, math errors such as 
divide by zero, and trap instructions 


Specification summary: The 88100 provides register-to-register op- 
erations for all data-manipulation instructions. Separate source and 
destination registers are available. The CPU supports register-to- 
register and register-plus-immediate-value address modes. Because 
address calculations are quick, memory-access operations are speedy, 
in keeping with the RISC philosophy. The CPU employs delayed branch- 
ing, which reduces pipeline delays due to a change in program flow. 
The 88200 incorporates 16k bytes of cache memory as well as cache- 
control logic, memory-management logic, and bus-control circuits. Mul- 
tiple CMMUs can operate in parallel. Both the 88100 and 88200 come 
packaged in 180-pin PGA packages. The chips operate over the stan- 
dard 0 to 70°C temperature range. 


SOFTWARE 


From Motorola: The Platform-88 computer will run Motorola’s Unix 
System V.3 as well as other languages and development tools such 
as an assembler, a code scheduler, and optimizing C and Fortran 
compliers. 

From others: Support for the 88000 is available from Absoft Corp 
(Auburn Hills, Ml); Diab Systems Inc (Foster City, CA); Green Hills 
Software, Inc (Glendale, CA); Informix Software Inc (Menlo Park, CA); 
Insignia Solutions Inc (Sunnyvale, CA); Software Components Group 
(Santa Clara, CA); and many others. 
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“IT COUNT ON EDN MAGAZINE 
AND EDN NEWS TO CREATE 
WORLDWIDE BRAND AWARENESS 
FOR OUR POWER SUPPLIES.” 


Glassman High Voltage designs and manufactures 
high-voltage DC power supplies with a difference. The most 
striking difference is that they’re insulated with air, and 
contain no oil or potting compound. 


Marketing Manager John R. Belden has watched Glassman 
grow from a small shop with a lot of innovative ideas to an 
industry leader. And EDN magazine and EDN NEWS have 
helped along the way. “The two publications get us the 
brand recognition and prestige we need,” he says. “They 
go right to the engineers and engineering managers who 
make the buying decisions.” 


John Belden believes in the power of EDN magazine and 
EDN NEWS. So much so that he’s relying on them to launch 
a series of new product lines. “EDN and EDN NEWS are 
sure to get them off the ground,” says Belden. “‘No other 
pair of publications can provide the influence to deliver our 
message to as many markets, both geographically and 
demographically, in a cost-effective and timely fashion.’ 


EDN magazine and EDN NEWS work for 
Glassman High Voltage. They can work for you. 


Where Advertising Works 


John R. Belden 
Marketing Manager 
Glassman High Voltage, Inc. 
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A new class of graphics 
machine. Get 40,000 clipped 
and transformed 2D vectors 
per second. Standalone power 
from the new 32-bit Intel 386SX 
and a dedicated graphics pro- 
cessor. Split-second switching 
between DEC and IBM 
sessions. And simple, 
connect-in- minutes Ethernet 
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LAN as wellas RS232-C 
hookup. 

An instant application 
station. Enjoy immediate, no- 
porting-required access to 
hundreds of existing software 
packages. In cartography, 
drafting, IC design, schematic. 
capture, 2D CAD/CAM. And 
many more. 


A powerful, almost para- 
doxical synthesis. See work- 
station performance without 
workstation overhead — 
in areas like administration or 
data security. And without a 
workstation pricetag. Find out 
more about the new lek 4211 
Graphics Netstation, by calling 
1-800-225-5434. 


Tektronix 


CIRCLE NO 175 
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TO LINE 10 
TALK WITH SSH 


REG TL 


WINNING ANSWERS BBiGers talking digital optical encoders that eliminate A/D 
circuitry. A panel control that converses with your microprocessor in an ultra-precise 
(120- or 256-pulse) manner using state-of-the-art optical technology. And it’s a message 
that won't wear thin with time, because there are no touching parts. If these are the 
answers you Tre looking for in a precision panel control, maybe it’s time you talked to 
Allen-Bradley, directly at (800) 592-4888. 


(2) ALLEN-BRADLEY 


“Gy” = AROCKWELL INTERNATIONAL COMPANY 


1414 Allen-Bradley Drive ¢ El] Paso, Texas 79936-6415 © In Texas: (800) 292-4888 © In Canada: (800) 541-4880 
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80960 


AVAILABILITY: Now for 80960KB; later in ’88 for MC and KA ver- 
sions. 

COST: $333 for 80960KB-1 6; $390 for 80960KB-20; $174 for 80960KA- 
16; $213 for 80960KA-20 (all in 100s). 

SECOND SOURCE: None. 


Description: The 80960 is Intel’s 32-bit family of uP chips that has 
been designed specifically for embedded-control applications. There 
are three upward-compatible versions of the RISC-based architecture. 
The family includes the basic 80960KA core version, the 80960KB which 
includes an on-chip floating-point math unit, and the 80960MC. The 
latter is a military version of the chip, which supplies multiprocessing 
and Ada-tasking support. The ‘960 family furnishes a large set of regis- 
ters, a register cache, an instruction cache, and an interrupt controller, 
among other features. 


HARDWARE 
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Notes: 


1. Unlike other RISC processors, the 960 provides only one data bus - 


for instructions and data. The bus multiplexes address and data infor- 
mation. 

2. The basic 960 chip includes 16 32-bit global registers and 16 32-bit 
local registers. The stack requires one global and three local registers 
for housekeeping operations. 

3. The floating-point math unit (G0960KB) operates from four 80-bit 
registers. 


HARDWARE 


From Intel: EVA960 PC/AT-based unit ($6000) available now for devel- 
oping and testing programs. ICE-960 in-circuit emulator hosted on an 
IBM PC/AT will be available in late ’88 as will an 80960KB-based 
prototyping board. 
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CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


Status: Unlike many new pPs, the 80960 was available at the time of 
its announcement in April 88. Currently, both 16- and 20-MHz versions 
are available. The MC version is available in sample quantities, and the 
chip is undergoing MIL-STD-883B qualifications now. Samples of the 
KA chip that run at higher clock speeds are expected by the end of 
’88. Intel will probably announce new '960-family chips in ’89 and ’90. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic: add, subtract, multiply, divide, remainder, modulo, shift 

Bit and bit-field instructions, including complex tests on bits 

Full set of single-cycle Boolean operations 

Decimal move, add, and subtract with carry 

The KB/MC versions include full IEEE-P754 floating-point math opera- 
tions 

li—DATA-MOVEMENT INSTRUCTIONS 

Loan-and-store between memory, movement between registers. Eight 
addressing modes, including direct, immediate, and register indirect 
illi—PROGRAM-MANIPULATION INSTR 

Conditional and unconditional compare and branch instructions. Call 
and supervisor-call instructions. One return instruction. Optional 
branch-and-link. MC version includes multitasking, memory-manage- 
ment, interprocessor-communication, and multiprocessing instructions 
IiV—PROGRAM-STATUS-MANIP INSTR 

Modify arithmetic controls. Flush registers. Built-in trace and debug 
support 


Specification summary: Register set includes 32-bit global and lo- 
cal registers. The chip provides caching for four sets of local registers. 
Direct mapped, 512-byte instruction cache is automatically filled by 
intelligent bus-control logic. Register scoreboarding allows bus. opera- 
tions and instruction executions to proceed in parallel. The built-in 
interrupt controller handles as many as 256 vectors within 32 priority 
levels. Interrupts arise from four external signal lines or from an external 
8259A controller chip. Memory is located in a 4G-byte linear address 
space, and data transfers take place at a burst rate that reaches over 
50M bytes/sec. The floating-point math unit supports standard IEEE- 
P754 math operations. 


SOFTWARE 


From Intel: C compiler with ANSI extensions, assembler, and utilities 
are available now for an IBM PC/AT or compatible computer. Software 
for other host computers is expected late in ’88. An Ada compiler is 
expected in ’89. A real-time kernel will also be available in ’89. 

From others: Ada-to-C translator from ICC (Irvine, CA); VRTX real- 
time executive from Ready Systems (Palo Alto, CA); and hardware 
modeling program from Mentor Graphics (Beaverton, OR), among oth- 
ers. 
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2900, 29C00, 29G00 BIT SLICE 


AVAILABILITY: Now for older, original bipolar parts and many new 
CMOS variations on 2900 theme. Varies for latest highest speed and 
widest data word versions. 

COST: $6 for 2901A/B/C in 100 qty; $20 for 2903A in 100 qty. See 
table for others. Prices for CMOS similar. 

SECOND SOURCE: None for original bipolar 2900. For new CMOS 
versions: IDT, Cypress, Wafer Scale Integration, Logic Devices, and 
others. For GaAs versions: Vitesse (29G01) and possibly McDonnell 
Douglas. 

CORE: Most of the sources for CMOS 2900 also have either the family 
parts in their cell library or intend to have them. In addition, there are 
companies, such as VLSI Technology, that may not have standard 
2900 parts, but still have them in their cell libraries. 


Description: Ever-growing and changing family of mostly TTL bus- 
compatible, ‘‘bit-slice’’ building blocks. By now almost all possible semi- 
conductor technologies are being used: bipolar (both TTL and ECL 
internally), CMOS, and even GaAs. Intended for microprogrammable 


systems in which they emulate existing computers or for use in special-_ 


ized digital controllers. Latest twist is to use them as macrocells in 
semicustom libraries. 
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s— DATA BUS (16) 


CHARACTERISTICS 


4-BIT xN, 16-BIT, 32-BIT; BIPOLAR, 
CMOS, AND GaAs 


Advanced Micro Devices 
901 Thompson PI 
Sunnyvale, CA 94086 
Phone (408) 732-2400 


Status: This bit-slice family has been around a long time. Each time 
its life seems over, it is reborn. Now it’s getting new life from CMOS 
versions from many different sources. These versions have almost the 
same speed as the original bipolar—some suppliers claim equal or 
better speed—and only a fraction of the power consumption. The archi- 
tectural motivation usually is to attain higher levels of parallelism with 
wide microcoinstructions, in which many fields control different hard- 
ware blocks. In many instances the CMOS versions are part of macro- 
cell libraries, so that they can be assembled (ideally by a customer 
engineer at his workstation) into single-chip or few-chip semicustom 
VLSI solutions. The 2900 family is never likely to see especially high 
unit volumes because parts costs are too high. 


SOFTWARE 


User defines macroinstruction set by microprogramming ROM. Parts 
respond to the following instructions: 

I—DATA-MANIPULATION INSTRUCTIONS 

2901 performs three arithmetic functions on two operands, as well as 
five logic functions 

2903A performs seven arithmetic functions and nine logic operations, 
as well as multiply and divide. Simultaneous add (or subtract) and shift 
possible 

29203 has floating-point-normalize instruction 
li—DATA-MOVEMENT INSTRUCTIONS 

16 working registers in RALU RAM can be addressed two at a time for 
supplying two operands to the ALU simultaneously 
lli—PROGRAM-MANIPULATION INSTR 

Defined by user in microcode. 2930 program-control unit executes 32 
fetch and branch instructions 

iV—PROGRAM-STATUS-MANIP INSTR 

2904 shift and status-control chip provides two status registers for the 
4-bit carry, overflow, zero, and negative. Bits can be set or cleared. 
Shift through carry or overflow. Borrows can be stored for subtract 


{= BASIC 2900 PARTS 
# ON COST 
PART DIAGRAM DESCRIPTION (100 QTY) 
2901/B/C $6 
aes - : ee 29C01 $6 
Specification summary: TTL bus-compatible building blocks for 29C101 $35 
creating moderately high-performance computers and controllers. 2902A $1.80 
Slices were originally 4 bits wide but now can be as much as 322 bits nr ie $20 
: ee (BCD) $20 
wide. Parts include sufficient features for emulating most computer 2904 $16 
architectures. User defines end product’s macroinstruction set by mi- 29705/A 2-PORT RAM $10 
croprogramming ROM. RALUs (2901, 2903, and 29203) respond to 8 peat MRR OE RCRA, SORTER Ne OMe ae 
and 16 basic instructions (2903 and 29203 include multiply and divide 29C10A $13 
and floating-point normalization) within one clock cycle of 50 to 125 2911/A $4 
nsec (2901C performs 16-bit add in 83 nsec). Original family parts red $5 
fabricated entirely from Schottky TTL. Now fine-geometry (near 1 wm) 2930 PROGRAM CONTROL UNITS $20 
CMOS can produce equivalent speeds at lower power consumption. (RELATIVE ADDRESSING) 
With CMOS, there’s a trend to consolidate multiple 2900 functions on pitts INTERRUPT rh 
chip and to go to new space-saving packages. 2914 $10 
2905 TRANSCEIVERS $5 
2906 $7 
2907 $4 
2915A $5 
2916A $4 
2917A $4 
HARDWARE SUPPORT SOFTWARE 


From third parties: Step Engineering (Sunnyvale, CA) offers new 
lower-cost PC XT/AT-based Microstep microcode development station 
($3695). It consists of plug-in card for PC containing 25-nsec RAMs 
to simulate a 128 x 4k-bit microcode ROM plus debug/control software. 
lt would be used in conjunction with Step’s Metastep Microprogram 
language ($3000, or $6195 bundled with Microstep). Step’s full-fledged 
Step-40 is expensive, but it has 10-nsec, 512 x 64k-bit microcode ROM. 
Hardware tools also available from HiLevel Technology (Tustin, CA) 
and others. 

For ASIC: Silicon compilers for members of 2900 family (2901, 2910, 
2913, and 2940) are in VLSI Technology’s compiler library. 
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From third parties: Step Engineering (Sunnyvale, CA) offers Metas- 
tep, a generalized software language for developing microcode ($3000). 
It runs on CPM/68K, MS/DOS, VAX/Unix, and VAX/VMS. It is claimed 
to have the flexibility and structure to greatly ease the tedious and 
error-prone software side of microcode system development. Software 
tools also available from HiLevel Technology (Tustin, CA) and others. 
Literature: Bit Slice Microprocessor Design, by John Mick and Jim 
Brick, McGraw-Hill, NY, NY, 1980. 
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29300, 29300 


AVAILABILITY: 29300 and C300 available now in several speed 
grades. 29400 ECL discontinued in favor of advanced CMOS. 

COST: A set of 29300 chips costs under $350. 

SECOND SOURCE: None directly but, especially for CMOS parts, Tl 
and Weitek offer 32-bit building blocks. 


Description: 32-bit bipolar and CMOS building-block chip set that 
follows concepts established by 2900 bit-slice family, but with two major 
differences. First, family members all have a fixed, 32-bit data width. 
Second, the architecture and resulting microinstruction set are opti- 
mized for easy compiler writing. State-of-the-art performance has been 
achieved, as indicated by 70-nsec microinstruction cycle times, and a 
32 x 32-bit multiplier (50 nsec). 


HARDWARE 


‘ CONTROL THREE DATA BUSES 


1 x 29331 SEQ 


1 x 29323 MULTIPLIER 


POINT _ 
ALU (32) 


PART AVAIL- | COST 
NUMBER DESCRIPTION PERFORMANCE ABILITY |(100 QTY) 
TTL 
29331 16-BIT SEQUENCER 75 nSEC $88 
29332 16-BIT ALU 75 nSEC $220 
29334 84x18 REG FILE 24 nSEC $80 
29337 BOUNDS CHECKER 20 nSEC $22 
CMOS 
29C323 32-BIT MULTIPLIER 100 nSEC $119 
29C323-2 32-BIT MULTIPLIER 50 nSEC $238 
290331 16-BIT SEQUENCER 90 nSEC $72 
29C331-2 16-BIT SEQUENCER 70 nSEC $99 
290332 32-BIT ALU 80 nSEC $175 
290334 64x18 REG FILE 30 nSEC $54 
29C334-2 64x18 REG FILE 20 nSEC $86 
29325/112 | 32-BIT SINGLE PRECISION 120 nSEC $99 
29325A 32-BIT SINGLE PRECISION 70 nSEC $269 
29C325/12 | 32-BIT SINGLE PRECISION 120 nSEC $99 
29C327 |64-BIT DOUBLE PRECISION 125 nSEC $329 


NOTE: 
°395 AND ’327 PERFORMANCE SPEC REFERS TO CLOCKED MULTIPLY TIME. 


Notes: 
1. Many different architectures possible because of flexibility of parts. 


2. Possibility of sharing dual-ported registers between two ALUs so 
that address calculation and data manipulation occur simultaneously 


SUPPORT 


HARDWARE 


From third parties: Step Engineering (Sunnyvale, CA) offers new 
lower-cost PC XT/AT-based Microstep microcode development station 
($3695). It consists of plug-in card for PC containing 25-nsec RAMs 
to simulate a 128 x 4k-bit microcode ROM plus debug/control software. 
It would be used in conjunction with Step’s Metastep Microprogram 
language ($3000, or $6195 bundled with Microstep). Hardware tools 
also available from HiLevel Technology (Tustin, CA) and others. 
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Advanced Micro Devices 
901 Thompson Pi 
Sunnyvale, CA 94086 
Phone (408) 732-2400 


Status: Supplier now has two very different architectures targeted at 
high-performance 32-bit applications: The 29000 and the 29300 Ps. 
The 29000 is RISC, rather than CISC like the 29300. RISC chips use 
combinatorial logic to get instructions down to single-cycle execution. 
The 29C300 also executes instructions in a single cycle, but implement- 
ing complex instruction sets on the C300 requires a 70-nsec clock 
cycle. The 29000 RISC family can operate faster. AMD appears to be 
involved in both extremes of the CISC-vs-RISC controversy. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

For 29332 ALU: includes 64-bit n-bit shift-up/down funnel shifter that 
can be combined with logic functions. Multiply and divide (one bit at a 
time). Priority encoding to support floating-point operations and graph- 
ics 

For 29325 floating point: efficient execution of Newton-Raphson divi- 
sion and Horner’s method of polynomial evaluation. Both IEEE and 
DEC formats (addition, subtraction, multiplication) with conversion be- 
tween two modes 

For 29323 32 x 32-bit multiplier: single- or double-precision multiply in 
one or four cycles, respectively 

lI—DATA-MOVEMENT INSTRUCTIONS 

For 29334 64x 18-bit register file (cascaded for full word width and 
desired length and used in conjunction with ALU): individual write for 
byte, 16-bit half word, or 32-bit full word 
lli—PROGRAM-MANIPULATION INSTR 

For 29331 microprogram sequencer: instructions designed to support 
high-level-language constructs 

The 33-level stack supports interrupts, loops, subroutine nesting, and 
multitasking at microlevel 

Microtrapping for reuse of prior microinstruction 

No support for relative addressing, because designers wanted to avoid 
performance penalty of adder, but decisions and interrupts handled 
on chip for fastest response 

iV—PROGRAM-STATUS-MANIP INSTR 

Status registers in ALU, floating point, etc 


Notes: 

1. Designers say they endeavored to keep instructions orthogonal and 
symmetrical to ease task of compiler writing and facilitate structured 
microprogramming. 

2. Self-checking implemented by parity bits in register file and by parity 
in off-chip data paths and ability to parallel units and compare results. 


Specification summary: Building blocks for 32-bit-wide mi- 
croprogrammable computer systems. Core set includes five parts (see 
table) that can stand alone or be used in mixed systems. Architecture 
supports features needed on advanced minicomputers, like parity 
checking and master/slave functional comparisons. Also suited for di- 
rect, very fast execution of high-level languages via compiled micro- 
code. Triple data-bus architecture, with unidirectional buses for mini- 
mum speed loss caused by bus turnaround. Architecture sufficiently 
open to allow inclusion of performance accelerators, and family includes 
floating-point unit and 1-cycle fixed-point multiplier. TTL packages in- 
corporate three low-profile horizontal fins to handle 4 to 7W heat dissi- 
pation. CMOS versions will dissipate in the 1W range and will not 
require heat sinks or cooling airflow. 


within cycle. (Each ALU would have its operands and result read and 
written into a common multiported register file.) 
3. Deep pipelining avoided so there can be fast response to decisions. 


7 SOFTWARE 


From third parties: Step Engineering (Sunnyvale, CA) offers Metas- 
tep, a generalized software language for developing microcode ($3000). 
It runs on CPM/68K, MS/DOS, VAX/Unix, and VAX/VMS. It is claimed 
to have the flexibility and structure to greatly ease the tedious and 
error-prone software side of microcode system development. Software 
tools also available from HiLevel Technology (Tustin, CA) and others. 
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32-BIT BIPOLAR AND CMOS 
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74AS8XX/74AS88XX 


AVAILABILITY: Now for 8XX parts and first 88XX parts, but some 
have slipped behind promised schedule. 

COST: See table for prices. 

SECOND SOURCE: No direct sources, but AMD 29300/400 and Ana- 
log Devices Word Slice are similar. 


Description: 8- and 32-bit custom CPU building-block chip sets done 
in high-performance bipolar and CMOS processes. Cycle times of 50 
to 75 nsec worst case said to be accomplished at relatively low power- 
dissipation levels even for bipolar members, so no heat sinking is re- 
quired. Family architecture facilitates byte operation, allowing for flexi- 
bility in data-word manipulation and resulting in system throughput in 
the 10-MIPS range. 


HARDWARE 


~ 
. 


# SEQUENCER 
20 10°35 nSEC 


MICROCODE. 
PROM 
‘BY USERI = 


TYPICALLY 
TO 64k -96- TO 428} 


25 nSEC 


_ i RS i ec a SSS SS 


EXTERNAL BUS FOR MEMORY 10 ETC 


PERFORMANCE | NO OF AVAIL- COST 


PART NO DESCRIPTION (mSEC) PINS ABILITY (100 QTY) 
74AS888 8-BIT REGISTER 46 68 NOW $35 
ALU 
74AS890 14-BIT MICRO- 42 68 NOW -$40 
CONTROLLER 
74AS897 16/32-BIT 50 68 NOW $40 
BARREL SHIFTER 
74AS870 DUAL 16-WORD 22 24 NOW $6.58 
x4-BIT REGISTER 
74AC8832 32-BIT REGISTER 50-75 208 NOW NA 
ALU (SAMPLES) 
74AC8835 16-BIT MICRO- 20-35 156 NOW NA 
SEQUENCER (SAMPLES) 
74AS8834 65Wx40-BIT 15 156 NOW NA 
REGISTER FILE (SAMPLES) 
74AS8833 BARREL/FUNNEL 30 156 NOW NA 
SHIFTER (SAMPLES) 
74AC8831 32/64-BIT 25 86 NOW $40 
BARREL SHIFTER 
74ACT8836 32x32-BIT 80 NA NOW NA 
- MULTIPLIER (SAMPLES) 
74ACT8837 | FLOATING-POINT 100 NA NOW NA 
PROCESSOR (SAMPLES) 
Notes: 


1. Family architecture facilitates the high degree of system parallelism 
possible with “‘wide” microcoding, allowing designer to operate devices 
simultaneously for greater throughput. 

2. ALU and microsequencer support master/slave operation for tandem 
processing. 

3. All members are 2-um bipolar except for 8836 and 8837, which will 
Start out in 1-~m CMOS. The bipolars will achieve low (4W) power 
dissipation because of special Schottky transistor logic that operates 
at 2V internal supply. 


HARDWARE 


Supplier recommends same approach for development systems as 
that used with other microcoded building-block chip sets such as the 
2900. Third-party support available from Hewlett-Packard, HiLevel 
Technology (Tustin, CA), and Step Engineering (Sunnyvale, CA). High- 
speed microcode ROM emulators from above companies cost $13,000 
to $30,000. Supplier’s evaluation module (EVM) board incorporates a 
full Basic interpreter and monitor program that can be accessed through 
an RS-232C port using a nonintelligent terminal or terminal emulator 
(personal computer with appropriate software). 
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SUPPORT 


8- AND 32-BIT BIPOLAR AND CMOS 


Texas Instruments Inc 
13536 N Central Expressway 
Dallas, TX 75265 

Phone (214) 995-6611 


Status: Supplier expects to compete with similar AMD bipolar 29300/ 
400 chip set for applications in high-end workstations, graphic systems, 
and superminis. Supplier's chips may also receive competition from 
new »Ps such as Clipper, SPARC, and 29000. These CMOS devices 
have MIPS rates similar to those of the supplier's chips, though the 
RISC chips don’t allow designers the architectural flexibility to achieve 
higher levels of parallelisin. With respect to bipolar-vs-CMOS con- 
troversy, Tl engineers tell 11s they have found it expeditious to convert 
some bipolar parts to CMOS (even after bipolar samples were put out) 
because CMOS has been Detter at meeting desired specs. 


— SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

For 8800 ALU: 

Supports double-precision data format for all instructions. Multiply and 
divide, 13 arithmetic and logic functions. Eight conditional shifts, nor- 
malization (all double and single length). Byte-oriented architecture al- 
lows structuring of data word in 8, 16, 24, or 32 bits. 

For 8833 funnel/barrel shifter: 

Priority encoding supports floating-point and graphics applications. 64- 
bit input can be masked for data manipulation on 32 extracted bits. 
Supports single-clock-cycle byte rotation. Circular arithmetic and logical 
operations on 32-bit fields. On-chip parity generation/checking. 

For 8837 16/32-bit floating point: 

Supports IEEE and DEC formats with conversion between the two. 
Also supports double- and single-precision operations. 

For 8836 multiplier: 

Supports 16- and 32-bit signed and unsigned multiplies. Indicates over- 
flows and supports sign extends. 

1l-DATA-MOVEMENT INSTRUCTIONS 

For 8832 RALU: 

Three-operand 64 x 36-bit ‘egister file on chip supports byte-oriented 
operands for variable data word widths. 36-bit width= 32 bits data+4 
parity bits. On-chip parity ¢eneration/checking. 

For 8834 register file: 

64 x 40-bit edge-triggered register file cascadable with 74AS3232 ALU. 
Three-operand file with out}»ut mux for flexibility in data-word manipula- 
tion. Also byte oriented. Ori-chip parity checking. 
lll-PROGRAM-MANIPULATION INSTR 

For 8835 microsequencer: 

Facilitates high-level-langué ge constructs; deep 65 x 20 stack supports 
interrupts. Two loop counters support nested loop program routines. 
On-chip breakpoint comparator for automatic branch routines. On-chip 
diagnostic registers and 89() upward compatibility for easy microcoding. 
Executes simultaneous interrupt and trap operations. Select next 
branch instruction from one of nine locations via output mux. All instruc- 
tions can be made conditional via externally applied condition-code pin 
and/or value in internal reg ster. 


Note: Instructions described are for 88XX family devices. 8XX instruc- 
tions are a subset, and the two sets are completely compatible. 


Specification summary: Building blocks for microcoded custom 
CPU architectures. The 8XX family has four parts, and the 88XX family 
will have seven (see table). As 74AS prefix indicates, the devices meet 
the specifications of the AS version of the well-known 74 logic family 
line. Two of the devices with 74ACT prefixes use T| EPIC CMOS proc- 
ess but have TTL-compatitle outputs. The architecture is designed to 
support high-performance ninicomputer workstation and graphic ma- 
chines by incorporating feétures like parity generation/checking, mas- 
ter/slave operation for tand2m processing, and 3-bus architecture (see 
diagram). Worst-case cycle times of 50 to 75 nsec can be accomplished 
with relatively low power cissipation (4W), which eliminates need for 
device heat sinks. On-chip diagnostic registers on the sequencer and 
barrel/funnel shifter ease microcode development. Large pin-count de- 
vices (see table) are packaged in pin-grid arrays and plastic leaded 
chip carriers. 


— SOFTWARE 


Meta- and cross-assemble'’s will be provided by third-party vendors 
such as HiLevel Technology ($1400), as well as an OEM version from 
the supplier. Existing assemblers in place for the 74AS8XX are compat- 
ible with the 74AS88XX family. 
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WORD-SLICE GP 
NUMERIC PROCESSOR 


AVAILABILITY: Now for most parts; see table. 

COST: $27 to $300; see table. 

SECOND SOURCE: No direct source, except for industry-standard 
multipliers. Similar functions are available from AMD, Cypress Semicon- 
ductor (San Jose, CA), Integrated Device Technology (Santa Clara, 
CA), Wafer Scale Integration (Fremont, CA), Weitek (Sunnyvale, CA), 
and many others. 


Description: Follows trend established with 2900 bit-slice family of 
providing building blocks that system designers can use in micropro- 
grammed systems. This family has been found suitable for general 
numeric or number-crunching applications, such as accelerators. Sup- 
plier's goal was to provide microprogram sequencers and address 
generators that could be used with supplier's floating- and fixed-point 
multipliers to design complete systems. 


HARDWARE — 


CONTROL ADDRESS 


1402 PROGRAM SEQUENCER 
(50 nSEC) 


MICROCODE MEMORY (25 nSEC) 


MANIPULATION 


SEE NOTES 2 AND 3 


CONTROL 


1410 
ADDRESS | 
GENERATOR 


(90 nSEC) 
lea 321X, 322x, 3264 = 
FLOATING-POINT 


MULT AND ALU 7 
(50 nSEC) 


SYSTEM 
CLOCK 20 MHz 


INTEGER ARITH [| ___) 
(80 nSEC) 


DATA BUS 


1110A 
SINGLE-PORT MAC [—) 
(85 nSEC) 


ASSORTED 
FIXED-POINT 


a MULTIPLIERS a 
AND MACs: 
8, 12, 16,AND 24 BIT 
3128A — 


MULTIPORT —/ 
REG FILE 


CHARACTERISTICS 


16-BIT CMOS ..P BUILDING BLOCKS 


Analog Devices Inc 

Digital Signal Processing Div 
Box 9106 

Norwood, MA 02062 

Phone (617) 329-4700 


Status: Most parts are available now. The 3264 floating-point unit 
should be available in late ‘88 ($689), and the 1402 sequencer should 
be ready in early ’89 ($68). The 3128 register file is available now ($145). 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

For ADSP-1101 16-bit integer arithmetic unit: 

Add and subtract, multiply, multiply and accumulate (MAC) 
Conditional multiply and accumulate 

Dual 40-bit accumulator control and internal feedback 

Logicals and shifts 

Block floating-point shifters and control 

For ADSP-321X/2X floating-point multipliers and ALUs: 

Multiply single-precision floating point, double-precision floating point, 
and 32-bit fixed point 

Complete arithmetic and logical ALU operations 

Complete format-conversion operations 

li—DATA-MOVEMENT INSTRUCTIONS 

For ADSP-1410 16-bit address generator: 

Preupdate and postupdate mode conditional looping (zero overhead) 
Add or subtract increments or offsets to pointers 

Register transfers 

Logicals and shifts 

Bit-reverse output (for FFT) 

lll & iV—PROGRAM-MANIPULATION AND -STATUS INSTR 
For ADSP-1401, 16-bit program sequencers: 

Jump and branch-absolute, relative and indirect 

Push, pop data, counters and pointers to subroutine stacks 
Modify subroutine stack and register stack pointers 

Interrupt masking and control 

Writable control store (for downloading) 


Specification summary: Microprogrammable chips set for numeri- 
cal processing, permitting increased throughput by user-developed par- 
allelism. Consists of various multipliers and multiplier accumulators (see 
table) and microcode program sequencers and address generators 
(see table). It can be driven by a 10-MHz clock, and within resulting 
100-nsec cycle can perform complete instructions (obtain data from 
memory and process it). Most recent versions support 50-nsec cycle. 
Sequencer helps host computer download code into a RAM micropro- 
gram store (for accelerator applications). Fabricated in CMOS. 


AVAIL- COST 
DESCRIPTION ABILITY (100 QTY) 

Notes: 3201 MULT, SINGLE PRECISION, FP $97 
1. Architecture shown is only one of many possibilities. 3202 ALU, SINGLE PRECISION, FP $97 
2. Microcode memory can be 64k deep. It can be as wide as designer meets Scr oe pee 
needs for simultaneous control of one or more data pipes (typically 3212 MULT, FP (IEEE) $297 
approximately 100 bits). 3213 MULT, FP (DEC) $297 
3. Microcode memory can be RAM for downloading of algorithms from se preg ae ie 
host. 3222 ALU, FP (IEEE) $297 
3223 ALU, FP (DEC) $297 

1401 SEQUENCER, PROGRAM $57 

1410 GENERATOR, ADDRESS $37 

1110A MULT/ACCUM, 16-BIT, 1 PORT $37 

1101 ALU, 16-BIT, INTEGER $108 

1080A MULT, 8-BIT, 2’S COMPL $27 

1081A MULT, 8-BIT, UNSIGNED $27 

1012A MULT, 12-BIT $42 

1016A MULT, 16-BIT $45 

1024A MULT, 24-BIT $81 

1008A MULT/ACCUM, 8-BIT $41 

1009A MULT/ACCUM, 12-BIT $53 

1010A MULT/ACCUM, 16-BIT $56 

HARDWARE SUPPORT SOFTWARE 


Supplier recommends same approach to development systems as that 
used with bit-slice microcoded components (ie, the AMD 2900 family). 
Suitable ROM-simulation systems are available from Step Engineering 
(Sunnyvale, CA) and HiLevel Technology (Tustin, CA). Similar aids are 
offered by Tektronix and Hewlett-Packard. 


Mnemonics with microcode fields are available from the supplier for 
use with a meta-assembler. These programs can be used by a designer 
to create a design-dependent assembly-level language. Step Engineer- 
ing, HiLevel Technology, and Microtek Research meta-assemblers sup- 
port parts via definition files for Wordslice mnemonics. Most of the 
parts are included in Logic Automation (Beaverton, OR) simulation |i- 
braries. 
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19” Racks Made by Professionals. For Professionals. 


ice 20 years Kniirr AG has been a 
major supplier in the area of 19” systems. 
The programme includes 19” racks, 
19” cabinets, 19” consoles, 19” card- 
frames, 19” chassis, 19” fan units and 
many more products. The excessive 
range of accessories enables the eco- 
nomical installation of your electronics. 
The latest introduction of the modular 
system Chasseleon® — a_ benchcase 
which is also a full 19” chassis, even on 
telescopic slides and on chassis runners — 
increases your possibilities even further. 
19” systems by Kniirr — a proof of 
competence. All over the world. 


Munich, Nov. 8* to 12 ™ 


Hall 12 
Booth 12B04 
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We are closer than you think: 


Austria 
Australia 
Belgium 
Denmark 
Finland 
France 


France (Alsace) 


U.K. 
Greece 
India 
Israel 
Italy 


Japan 
Netherlands 
Norway 
Pakistan 
Portugal 


South Africa 


Spain 
Sweden 
Switzerland 
U.S.A. 


Grothusen Ges.m.b.H., Tel. 02 22/97 25 29 
Email Ltd., Tel. 03/5 44 82 44 

Vitronic Belgie NV, Tel. 03/3 25 27 10 

Otto Ahrens A/S, Tel. 01/71 47 44 

Perel Oy, Tel. 914/2 16 00 

Kniirr S.A.R.L., Tel. 1/43 77 85 85 

A. Baumann S.A., Tel. 08/8 32 60 26 
Daturr Ltd., Tel. 02/76 68 12 12 

Nicolaos Asteriadis, Tel. 0 31/27 86 92 
Elcopak, Tel. 02 12/8 48 46 

Alexander Schneider Ltd., Tel. 03/37 20 89 
Forind Avio Elettronica S.R.L., 

Tel. 02/2 14 15 11 

Y.H. Supply Co. Ltd., Tel. 4 42/28 51 
Vitronic Holding B.V., Tel. 01/62 05 14 40 
Jana Tekniske A/S, Tel. 02/68 53 50 
Qaim-Ale-Mohammad Corp., Tel. 7 27 19 
Sociedade Zickermann S.A.R.L., 

Tel. 36 90 65 

Advanced Semiconductor Dev. (PTY) Ltd., 
Tel. 0 11/8 02 58 20 

S.1.G., Tel. 01/8 88 97 90 

Garam Elektronik AB, Tel. 08/7 10 03 40 
Kniirr AG, Tel. 01/8 25 07 07 

Dacobas Inc., Tel. 8 05/5 26 77 33 


Knurr AG 


P.O. Box 82 03 69 - Schatzbogen 29 - D-8000 Munchen 82 
Tel. 089/42 0040 - Telex 5 29 608-10 knd - Telefax 0 89/42 00 41 18 


To EDN readers, for consistently votins 
EDN your favorite electronics 
publication. 


From the staff of EDN 


SPEED, FIDELITY and. 
UNPRECEDENTED TRIGGERING 


——_— 


CH1 236 mV DC 
At 3.52 ys | —"'S —~ wae 


1m, 284.1 kHz Interval >. 9.400 je ° div 250 


3 : 
PRGGE CALIBRATOR 


* 350 MHz Bandwidth, 400 Ms/s ADCs 

* 50K Non-volatile Memory per Channel 
* Glitch, Interval and Logic Trigger Modes 
* Automatic Waveform Parameters 


NEW! LeCROY’S 9450 — 
DIGITAL OSCILLOSCOPE IS 
DESIGNED FOR YOUR NEEDS. 


ntil now, recording very high-frequency 
signals with digital oscilloscopes often 
meant giving up measurement fidelity, due 


to short acquisition memories, inadequate 
vertical resolution, or sometimes even both. 


Sia | 
NOT ANY MORE!! 
With LeCroy’s new 9450 you get it all, 350 MHz 
bandwidth, 400 megasample/sec digitizing 
rates, 8-bit vertical resolution ( 12-bit with 


averaging), 50,000 words of acquisition 
memory per channel and... a uniquely powerful 


trigger system. 


f litches, drop-outs, logic patterns and states i 
mmm are all triggered on easily with LeCroy’s 2 0. 

new and innovative trigger modes. ee 
For example, the 9450’s FASTGLITCH trigger : 
mode can be used to trigger on glitches shorter [aeeeneeee 
than 2.5 nsec even when they are buried in Set 
complex signals. INTERVAL trigger mode can be 
used to trigger on rare phenomena like missing ; 
bits. The 9450’s massive memories show more i 
pre- and post-trigger information so you can oe Bee end 
examine the cause and effect of any signal LESS 6S een 

] 4am 671.43 MHz Pulse < 15.0n6 T/div ee 


perturbation. Waveform expansion (up to 
1000 times) reveals ALL the signal details you 
are looking for, and fast parameter calculations 


deliver the answers you need in a fraction of a 


second. 
he: arrow at the bottom of the Trace 


And... you already know how to use it 
A familiar front panel, together with a push- 


button AUTO SETUP facility, lets you rapidly 
learn to operate this new member of the 
LeCroy oscilloscope family. 
LeCroy Corporate Headquarters 
700 Chestnut Ridge Road 
Chestnut Ridge, NY 10977-6499 
Tel.: (914) 5786097 
800-5-LeCroy 


TWX: (710) 577-2832 
Fax: (914) 425-8967 


To receive further information, technical 
documentation or a demonstration, circle the 
reader service card or call us today. 


Innovators in Instrumentation 


CIRCLE NO 185 


BELIEVE YOUR EYES. 


Now you can have a DMM and Scanner 
in a single half-rack package. 


199 SYSTEM DMM/SCANNER 


Start with a full 51-digit 
system DMM. Add the optional 
8-channel switching function. 
For $995 and $395, respectively. 
All in one 31” rack case. 

You get just one instrument 
to buy and maintain. There's 
just one instrument to learn, 
program, and control. You use 
just one IEEE address, just one 
rack space. 

And you get the ability to 
switch up to 40 channels per 
second, stock shipment, 30-day 
money-back guarantee, and 
2-year warranty. All for half the 
cost of anything comparable; 
less than the cost of some plain 
DMMs. 


276 


Order them together or sepa- 
rately. The option is factory- or 
field-installable. And, like every 
Keithley instrument, they come 
with full-time access to the 
assistance of our experienced 
Application Engineers. 

Call toll-free 1-800-552-1115 
to order or to obtain further 
information. 

Keithley Instruments, 

28775 Aurora Rd., Cleveland, 
OH 44139. 


CIRCLE NO 178 


Model 199 System DMM 
51-digit resolution 

DCV, ACV, DCI, ACI 

2-, 4-wire ohms, dB 

IV, 1m, 100nA sensitivities 
70 ppm 1 year basic accuracy 
150 synchronized readings/sec. 
500-point datalogging memory 
IEEE-488 interface standard 
$995. 


Model 1992 Scanner Option 


Eight 2-pole channels or four 4-pole 
channels 

<1yV contact potential per contact 
pair 

40 channel /second switching speed 
Factory or field installable 

$395. 
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Instrument Control 
Solutions For 
Your Computer 


National Instruments, 
the IEEE-488 leader, 
has the widest selection 
of hardware interfaces 

and software technologies. 


NATIONA 


The Software is the Instrument 
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* GPIB monitor port for board and bus 
support 


* 1M bytes/sec DMA rates 
GPIB-SE—Macintosh SE Interface 


NB-GPIB 


* Programmable Option Set circuitry for 
* 400K bytes/sec programmed I/O rates 


* 1M bytes/sec DMA rates 


* 1M bytes/sec DMA rates 
* 8 channels of hi 
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Flexible 


¢ Use any instrument, even one 
not 100% compatible with 
the IEEE-488 specification 

* Use a language that meets the 
demands of your specific 
application (BASIC, C, Pascal, 
FORTRAN, Assembler) 

¢ Use a computer architecture 
that will handle all your 
computing needs 


* Use a multitasking operating 
system: versions for OS/2, 
UNIX, 386/ix, and XENIX 


Utilities: 


IBIC—With the IEEE-488 Bus 
Interactive Control (IBIC) 
utility you can control and 
communicate with instruments 
from the keyboard. The 

IBIC utility is a simple 

way to learn the NI-488 
handler functions and the 
device-specific commands 

of the instrument or 

to troubleshoot the system. 


IBCONF—A utility program 
that configures the NI-488 
handler for GPIB addresses, 
timeout settings, termination 
methods, and device-specific 
characteristics. 


The NI-488 software established a standard for PC-based instrument control drivers by 
introducing the first loadable IEEE-488 device driver for MS-DOS based personal 
computers. The NI-488 software now covers a number of different computer platforms 
such as IBM PC and PS/2, Macintosh, Sun, and Pro-Log STD-DOS. Major companies such as 
IBM, Tektronix, Philips, LeCroy, Howtek, Sharp, Perkin Elmer, Instron, Bruel & Kjaer, 
Hitachi Nakaworks, and Advantest all use the NI-488 software to produce innovative, 


high-quality products. This large backing has established NI-488 as the de facto industry 


standard. 


High-speed 


® Designed to be a high-speed 
device driver 

¢ Subroutine-based structure as 
opposed to a slower 
character I/O 
implementation 

¢ Direct Memory Access 
(DMA) transfers are used 
without special 
programming instructions 


Easy-to-use 


¢ Subroutines and functions 
can be called from familiar 
programming languages 

¢ Only a small number of 
high-level functions are 
needed for most applications 

¢ To initialize the bus and 
configure a multimeter only 
two simple commands are 
needed: 


CALL aml DMM | 
CALL | F1ROTO" ) 


Applications Monitor— 
A utility that performs 
automatic error detection 
and identification. For ease 
in debugging, a Session 
Summary of all the GPIB 
commands made during a 
session is generated. 


HP-Style Calls—For users 
familiar with the calls 
supported by a Hewlett- 
Packard controller, the 
NI-488 software has an 
option for HP-Style function 
calls. 


Reliable 


* Over twelve years 
experience developing GPIB 
device handlers 

* Built-in error checking 

¢ Exhaustive testing prior to 
release 


® Quick response to user 
needs and suggestions 
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* 250K bytes/sec DMA rates 


expansion s 


GPIB-S3/4 
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1014DP 
* Dual GPIB-1014P interface; 


-488 Software support 
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* Includes interface board, adapter 
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computers 
* 250K bytes/sec DMA rates 


GPIB11V-1 


Complete Support for Sun Computers 
NI- 


796 Ser 


4000 workstations 
128K bytes of memory 
* 790K bytes/sec DMA rates 


GPIB-796P 


panels 
* 80K bytes/sec programmed I/O 


* Dual height card for Q-BUS 

* 50K bytes/sec programmed I/O 

* AEGIS handler for Apollo 3000 and 

* 50K bytes/sec programmed I/O rates 
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* 24-bit MULTIBUS addressing 


* 500K bytes/sec DMA rates 
* 3 optional iSBX connectors 


* Supports 
GPIB11 Series Software Support—RT 


* STD-Z80, -8085, -8088 compatible 


RSX11M-+ handlers in source code 
* 500K bytes/sec DMA rates 


* 500K bytes/sec DMA rates 

* Full 24-bit addressing 
GPIB-1014P 

* Single or double height front 


GPIB-1014 
GPIB-796 
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* Half-size card 

* DMA rates over 300K bytes/sec 

* Standardized by IBM 

* AEGIS handler for Apollo 3000 and 
4000 workstations 
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x igh-speed FIFO buffer 
* 1M bytes/sec DMA rates 

* GPIB monitor port 


* Optional AIX handler 


* 6 interrupt lines 


8. 


* 3 DMA channels 
* LabWindows and NI-488 Software 
support 
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* Interrupt circuitry for detecting 
SRQ and clock alarm 

* LabWindows and NI-488 Software 
support 


MicroGPIB Products 

* GPIB-232CV bidirectional 
transparent data converter between 
JEEE-488 and RS-232 

* GPIB-422CV bidirectional 
transparent data converter between 
JEEE-488 and RS-422 

* GPIB-PRL transparent parallel data 
converter 

* GPIB-232CT full-function IEEE-488 
controller from RS-232 port 


GPIB-MAC 
* Macintosh serial port interface 


* External configuration switches 
* 2K to 32K byte data buffer 


100A High performance 


<= 
: 


parallel bus extender 

— Supports 28 devices at 300 m 

— 222K bytes/sec transfer rates 
* GPIB-110 Serial bus extender 

— Fiber optic or coaxial cabling 

— 144K bytes/sec transfer rates 


* For 
application 

* Stores GPIB status in memory for 
later review 


* GPIB-422CT full-function IEEE-488 
controller from RS-422 port 
compatible with Macintosh serial 
port 

* GPIB-SCSI full-function IEEE-488 
controller from SCSI port 

* GPIB-BUF IEEE-488 data buffer 
with 900K bytes/sec transfer rates 
and 1M bytes of RAM 


* Baud rates from 300 to 57.6K bits 
per second 
* LabVIEW Software system support 


* GPIB-120 Bus Expander 
— Optically isolates 2 GPIB buses 
— Extends GPIB by interfacing up 
to 14 more devices 

— Doubles the GPIB 20 m cable 
limit 

— Transparent to user software 
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* Simulated LEDs reflect the current 
condition of the GPIP 

* Emulate source or acceptor 

* Requires IBM PC as host 
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SECOND GENERATION 


=a LabWindows' 

LabWindows is a software system for the IBM PC, PS/2, and 

compatibles designed to provide rapid development, 

prototyping, and operation of test and measurement applications 

by fortifying and enhancing C and QuickBASIC. These languages | 

are fortified by an interactive development environment and et Tone to — 
enhanced by supportive libraries. Instrument control applications can be quickly developed using LabWindows interactive editing and 
debugging features, automatic code generation mechanisms, instrument library, GPIB library, graphics library, analysis library, and 
formatting and I/O library. 


Lotus Measure“ 

Lotus Measure is a set of data acquisition drivers for Lotus 1-2-3 or Symphony that can collect data and store it directly into a 1-2-3 or 
Symphony spreadsheet. Lotus Measure fortifies the 1-2-3 or Symphony macro command language by adding an advanced set of macro 
commands to perform IEEE-488, RS-232, and analog-to-digital operations. All functions available in the worksheet can be easily accessed 
for immediate reduction, analysis, and presentation of the data. 


THIRD GENERATION 


rn 


LabVIEW © L cenchapregead 
LabVIEW is an easy-to-use, powerful graphical programming — 
language for the Macintosh family of computers. LabVIEW 
(Laboratory Virtual Instrument Engineering Workbench) has a 
complete integrated programming environment for applications 
involving instrument control, data acquisition, data analysis, data 
formatting, data presentation and data management. LabVIEW also has an extensive Instrument Library. The basis of LabVIEW is the 
representation of a software module as a Virtual Instrument. A Virtual Instrument is a real instrument made with software. LabVIEW 
users construct programs using block diagrams—a natural design notation of scientists and engineers. These block diagrams are the 
actual executable programs, that can be operated by way of user-defined graphical front panels that look and act like instruments. 
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Instrument Libraries 


National Instruments IEEE-488 interface boards are widely 
recognized for their quality and performance and are 
supported by many application software packages: 


There exist over 4000 IEEE-488 compatible instruments 
manufactured by more than 300 vendors worldwide. Each of 
these instruments has its own, unique set of commands that 


make it function programmatically. The real ease of 
programming instruments comes from having a library of pre- 
packaged software modules that operate instruments, by way 
of intuitive, graphical panel interfaces. An instrument library 
makes operating an instrument from the computer as easy as 
Operating it from its front panel. National Instruments is 
dedicated to increasing the instrument libraries of both 
LabWindows and LabVIEW by adding the instruments 
frequently requested. 


e ASYST © GURU ¢ TestWindows °® ASYSTANT 


© EZ-TEK °¢LaserPaint °¢ TBASIC ¢ EZ-TEST 
e SPD e XScan ¢ WaveTest ¢ ChromaScan 


¢ LABTECH NOTEBOOK ¢ Parameter Manager 
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dce/de converters 


Part 2 


roper instrumentation 
eases low-power 
dc/dc-converter design 


This article, part 2 of a 4-part series, provides tips on 
selecting the right instrumentation to evaluate the per- 
formance of your low-power 5, 12, and +12V converter 
designs. Part 1 emphasized the design of low-noise 5 
to +15V converters; parts 3 and 4, respectively, will 
show how to design dc/dc converters for power conserva- 
tion and how to replace inductors with switched-cap 
techniques in dc/de converter designs. 


Jim Williams and Brian Huffman, 
Linear Technology Corp 


Flexibility is the key parameter in selecting instrumen- 
tation for de/de-converter design. Although wide band- 
widths, high resolution, and computational sophistica- 
tion are valuable features, they’re really unimportant 
in designing converters. Typically, converter design 
requires the simultaneous observation of a number of 
relatively slow circuit events. The instruments used 
in converter design must have such features as fully 
floating inputs, high sensitivity, differential de nulling 
or slide-back plug-in capability, high-impedance 
probes, and versatile triggering/multitrace capability. 
Consider probe impedance, for example. Standard 
1x and 10 scope probes are fine for many measure- 
ments, but the ground strap can be a problem in some 
cases. Because wideband switching noise is present in 
de/de converters, you must use the shortest possible 
ground return when making low-level measurements. 
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Fig I—You can solve a lot of loading problems by using this simple 
probe, which employs an LT1022 high-speed FET op amp to drive 
an LT1010 buffer. The LT1010’s output serves as a cable and probe 
drive source, and it also biases the circuit’s input shield. 


It’s important, therefore, to use a probe that can 
accommodate a variety of tip-grounding accessories. 

You'll rarely require wideband, FET-type probes, 
but a moderate-speed, high-impedance buffer probe is 
quite useful. In many converter circuits (especially mi- 
cropower designs), you'll have to monitor high- 
impedance nodes. Usually, the 10-MQ. loading of stan- 
dard 10x probes will suffice, but when you use these 
standard probes, you have to trade away sensitivity. 
On the other hand, the sensitivity of 1x probes is 
adequate for most measurements, but these probes can 
create loading problems. 
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You'll rarely require wideband FET-type 
probes, but a moderate-speed, high-tmped- 
ance buffer probe 1s useful. 


The simple circuit in Fig 1 solves probe-loading prob- 
lems. The design’s LT1022 high-speed FET op amp 
drives an LT1010 buffer. The LT1010’s output serves 
as a cable and probe drive source and also biases the 
circuit’s input shield. This biasing bootstraps the input 
capacitance and reduces its effect. The bandwidth as 
well as the ac and dc errors of this circuit are low 
enough for almost all converter work. If you build the 
circuit, along with its own power supply, into a small 
enclosure, you can use it as an input to an oscilloscope, 
with good results. 

An isolated probe allows you to make fully floating 
measurements even in the presence of high common- 
mode voltages. Such a capability is very useful when 
you have to look across floating points in a circuit 
rather than make the usual ground-referenced meas- 
urements. This probe can be very valuable for directly 
observing an ungrounded transistor’s saturation char- 
acteristics or for monitoring waveforms across a float- 
ing shunt. 


1 50 pH 
PULSE ENGINEERING 
#51515 


Fig 2—In this typical flyback-type converter, the LT1070’s internal 
40-kHz clock produces a flyback event every 25 sec. Each time the 
LT1070’s Vsw pin internally switches to ground, it produces an 
inductive flyback voltage that converts the 6V battery input to a 12V 
output. 
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Current probes are also an indispensable tool for 
converter design. In many cases, current waveforms 
contain more valuable information than do voltage 
waveforms. Clip-on current probes are convenient. 
Hall-effect-based versions respond as low as de and 
feature 50-MHz bandwidth capability. Transformer- 
type current probes are faster, but they have rolloff 
below several hundred hertz. Both types have satura- 
tion limitations. If you exceed these limitations, you'll 
get some confusing displays on the CRT. 


Consider using a nonelectronic voltmeter 

Almost any digital voltmeter will suffice for con- 
verter work. The meter should have current-measure- 
ment capability and provisions for battery operation. 
The instrument’s capability to operate from battery 
power allows you to make floating measurements and 
eliminates possible ground-loop errors. In addition, a 
nonelectronic voltmeter (or volt-ohmmeter) is a worth- 
while addition to the converter-design bench. Con- 
verter noise occasionally disturbs electronic voltmeters 
and produces erratic readings. A nonelectronic voltme- 
ter contains no active circuitry, so it’s less susceptible 
to noise-related problems. 


Addressing the needs of portable applications 

The power supply’s current requirements can vary 
widely in many battery-powered applications. Al- 
though normal operation might require currents in the 
ampere range, supply-current drain might drop into 
the microampere range for systems that are in standby 
or sleep mode. A typical lap-top computer may draw 
1 to 2A while running and require only a few hundred 
microamps for memory backup when not running. 
Theoretically, any de/de converter designed for loop 
stability under no-load conditions will work in this com- 
puter application. From the practical standpoint, how- 
ever, a converter with a relatively large quiescent- 
current requirement may drain the battery excessively 
during intervals of low output current. 

Fig 2 shows a typical flyback-type converter. Each 
time the LT1070’s Vsw pin internally switches to 
ground, it produces an inductive flyback voltage that 
converts the 6V battery input to a 12V output. The 
LT1070’s internal 40-kHz clock produces a flyback 
event every 25 psec. The LT1070’s internal error am- 
plifier controls the energy in this event by forcing the 
feedback pin, F'B, to a 1.28V reference level. The RC 
damper network on the error amplifier’s high-imped- 
ance output (Vc pin) provides compensation to stabilize 
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Fig 3—You can reduce quiescent current to only 150 pA by pulling the Vc down to within 150 mV of ground (a). Under no-load conditions 
(b), the 12V output (trace A) ramps down over a number of seconds. During this period, the outputs of the paralleled 74,C04 inverters and 
comparator IC; (trace B) are low, pulling the Vc pin low (trace C) and putting the LT1070 into its 50-w~A shutdown mode. For a 3-mA 
load current (c), the loop-oscillation frequency increases to keep up with the load’s sink-current demands. 


EDN October 27, 1988 | 3 287 


An 1solated probe lets you make fully float- 
ing measurements even in the presence of 
high common-mode voltages. 


the loop. This circuit works well, but it draws 9 mA 
of quiescent current. The 9 mA value might be exces- 
sive for applications that place size or weight limita- 
tions on the battery’s capacity. 

So how do you reduce quiescent current without 
degrading high-current performance? An auxiliary 
function of the LT1070’s Vc pin offers one possible 
solution. When you pull Vc within 150 mV of ground, 
the LT1070 shuts down and draws only 50 pA. The 
special loop in Fig 3a exploits this feature, reducing 
the quiescent current to only 150 pA. This technique 
is particularly significant, and it has broad implications 
for battery-powered systems. IC» functions as a simple 
low-battery detector, pulling low when Vyy drops be- 
low 4.8V. You can readily employ the technique in a 
wide variety of de/de converters to meet the needs of 
a great number of applications. 

The signal flow in Fig 3’s circuit somewhat mirrors 
the flow in Fig 2’s circuit. However, Fig 3a has addi- 
tional circuitry between the feedback divider and the 


Vc pin. In addition, the circuit in Fig 3a does not use | 


the LT1070’s internal feedback amplifier and reference. 
Fig 3b shows operating waveforms for Fig 3a under 
no-load conditions. | 

The 12V output (trace A) ramps down over a period 
of seconds. During this period, the outputs of the paral- 
leled 74C04 inverters and comparator IC (trace B) are 
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low, pulling the Vc pin low (trace C) and putting the 
LT1070 into its 50-uA shutdown mode. The Vsw pin 
(trace D) is high during this sequence, so there’s no 
inductor current flow. When the 12V output decreases 
about 20 mV, IC, triggers and the 74C04 inverter 
outputs go high. 

This inverter output transition pulls the Vc pin high 
and turns on the LT1070. The Vsw pin pulses the 
inductor at the 40-kHz clock rate, abruptly increasing 
the circuit’s output. This transition triggers IC, low 
and forces the Vc pin back into the shutdown mode. 
This bang-bang control loop keeps the 12V output 
within the 20-mV ramp-hysteresis window set by Rg 
and Ry. Diode clamps prevent any overdrive at the 
Vc pin. Note that the 4- to 5-sec loop-oscillation period 
minimizes the significance of the Rg-Ce time constant 
at Vc. Because the LT1070 spends most of the time 
in a shutdown mode, the circuit draws very little quies- 
cent current. 

Fig 3c shows the same waveforms for a 3-mA load 
current. The loop-oscillation frequency increases to 
keep up with the load’s sink-current demands. The 
Vc pin’s waveform (trace C) now begins to take on a 
filtered appearance, thanks to Rg-Co’s 10-msec time 
constant. If the load continues to increase, the loop- 
oscillation frequency will also increase. The Ris fixed, 
however. Above some frequency, therefore, the R¢-Co 
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Fig 4—When you look at the waveforms for a 1A load, you see that the Vc pin is at dc and the repetition rate now equals the LT1070’s 
40-kHz clock frequency (a). As the loading increases (b), the loop oscillates at a higher frequency because of C;’s decreased decay time. 
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network must average loop oscillations to de. 

When you look at the waveforms for a 1A load (Fig 
4a), you see that the Vc pin is at de and the repetition 
rate now equals the LT1070’s 40-kHz clock frequency. 
Fig 4b plots what’s happening. As the output current 
rises, the loop-oscillation frequency also increases until 
it reaches approximately 500 Hz. At 500 Hz, the Rg-Co 
time constant filters the Vc pin to de, and the LT1070 
goes into normal operation. When the V¢ pin is at de, 
it’s convenient to think of Fig 3a’s IC; and the in- 
verters as a linear error amplifier with a closed-loop 
gain set by the R,-Ro feedback divider. Actually, IC; 
is still duty-cycle modulating, but it’s doing so at a 
rate far above Rg-Co’s break frequency. The Re-Co 
roll-off plus the R7-Cg network dominate the phase- 
error contribution from C, (which was selected for low 
loop frequency at low output currents). The loop is 
stable, and it responds linearly for all loads greater 
than 80 mA. In this high-current region, the LT1070 
is actually fooled into behaving as it does in Fig 2’s 
circuit. 


Simplifications give insight into loop’s stability 
Performing a formal stability analysis for this circuit 
is quite complex, but some simplifications can provide 
insight into the loop’s operation. When the load current 
is 100 pA, C; and the load resistance form a decay 
time constant that exceeds 300 sec. This value is larger 
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10V/DIV 
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by several orders of magnitude than the R7-Cs and 
Rg-Co time constants or the LT1070’s 40-kHz commuta- 
tion rate. As a result, C, dominates the loop. 

Wideband amplifier IC; sees phase-shifted feedback 
that develops very-low-frequency oscillations similar 
to those that occur in Fig 3b. Some layouts may require 
substantial trace area for IC;’s inputs. In such cases, 
the optional 10-pF capacitor shown in Fig 2a ensures 
clean transitions at IC;’s output. Although C, has a 
long decay time constant, it has a short charge time 
constant because the circuit has a low source imped- 
ance. These disparate time constants account for the 
ramp-like nature of the oscillations. 

You can reduce the C, load’s time constant by in- 
creasing the loading. As the loading increases (Fig 
4b), the loop oscillates at a higher frequency because 
of C;’s decreased decay time. When the load impedance 
becomes low enough, C,’s decay time constant ceases 
to dominate the loop and passes control to the Rg-Ce 
combination. Once R¢ and Ce take over as the dominant 
time constant, the loop begins to behave as a linear 
system does. 

In the region above 75 mA, the LT1070 runs continu- 
ously at its 40-kHz clock rate. Now the R7-Cs: time 
constant becomes significant, and it acts as a simple 
feedback lead to smooth the output response. 

Selecting values for R7 and Cg involves a fundamen- 
tal tradeoff. When the converter is running in its linear 
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Fig 5—Despite the complex dynamics inherent in Fig 3, the transient response for a no-load-to-1A step (a) is quite good. When you look 
at the converter’s efficiency performance (b), yow’ll note that the converter’s high-power efficiency matches that of standard converters, and 
its low-power efficiency is somewhat better than that available from standard converters. 
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Fig 6—Using the special loop technique to introduce conditional instability works just as well in step-down converters (a). In transformer- 
coupled converters (b), you can use the loop technique to develop multiple outputs. 


region, R7 and Cg must dominate the designed-in de 
hysteresis generated by Rg-Ry. As a result, you must 
select values for R7 and Cg that provide the best com- 
promise between the output ripple at high load levels 
and the loop’s transient response. 


Flyback converter has good transient response 

Despite the complex dynamics, the transient re- 
sponse of Fig 3a is very good. Fig 5a illustrates the 
circuit’s performance for a no-load-to-1A step. When 
trace A goes high, a 1A load (trace B) appears across 
the output. Initially, the slow loop-response time 
causes the output to sag by almost 150 mV. When the 
LT1070 comes on (signaled by the 40-kHz fuzz at the 
very bottom of trace B), the output response is reason- 
ably quick and surprisingly well behaved, considering 
the circuit dynamics. The multitime-constant decay (or 
rattling) shows up as trace B approaches steady state 
between the fourth and fifth vertical divisions. 

Fig 5b plots efficiency versus output current for Fig 
da’s circuit. The circuit’s high-power efficiency matches 
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that of standard converters. Its low-power efficiency 
is somewhat better than that available with standard 
converters. Its standby efficiency is rather low, but 
that fact is not particularly bothersome, because the 
power loss approaches battery self-discharge levels. 

The special loop in Fig 3a provides a controlled, 
conditional instability, rather than the usually more 
desirable and often elusive unconditional stability. This 
deliberately introduced characteristic lowers the con- 
verter’s quiescent current by a factor of 60 without 
sacrificing high-power performance. This special loop 
technique is not restricted to boost-type converters—it 
will readily work in other designs. 

The step-down (buck-mode) configuration in Fig 6a, 
for example, uses the same basic loop and most of the 
same components. The LT1072 (a low-power version 
of the LT1070) drives Q; (a p-channel MOSFET) to 
convert a 12V input to a 5V output. Qe and Qs provide 
current limiting, and Q, supplies turn-off drive for Q. 
Fig 6a’s hysteresis biasing (the 1-MO resistor at the 
comparator’s noninverting input) differs slightly from 
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that of Fig 2a because of the lower output voltage. Brian Huffman is an applications engi- 
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Great ideas tend 


They’re simple. They’ re shielded. 
They go in with a solid click, and 
release with a gentle squeeze. Keying 
and polarization are implicit. 

And they’re very, very durable. 
In fact, our Shielded Data Link (SDL) 
connectors are rated at 3000 cycles. 
They owe their toughness to design 
and engineering, and attention to such 


AMP SDL connectors—selectively gold 
plated for reliability and durability— 
come in 4, 6, 8, and 16 positions. 
Optional boot for round cable version 
protects against electro-static discharge. 
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details as selective gold plating. 
Dependability is the essence of 


friendliness. 


But good-looking and hard- 
working start well before the user sees 
this connector. The highly effective 
shield is designed in, so our SDL con- 
nector comes as a no-hassle, one- 
Offset flange receptacle 


makes good use 
of real estate. 
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piece assembly. It terminates to flat 
shielded cable in a single step—con- 
ductors and shield, plus two-point 
strain relief. Round cable takes only 
two steps. 

AMP SDL connectors are a cost- 
effective alternative to crimp-snap type 
products, whether you do-it-yourself 
or order custom cables from us in flat, 
round, or coiled styles. Either way, you 

_ benefit from the same ease of applica- 
tion, the same well-thought-out design. 
And you walk away with the reliability 
and durability you need. 
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Receptacle options: 
- _ topandside entry, and shunted side 
entry versions for network applications. 


For technical information and 
literature on SDL connectors, call 
1-800-522-6752. AMP Incorporated, 
Harrisburg, PA 17105-3608. 
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Design Feature 


Use npn and pnp 
devices effectively 
in semicustom arrays 


Although accustomed to using npn and pnp 
transistors of equivalent performance, many 
analog-circurt designers have difficulty with 
the lower performance pnp transistors usu- 
ally found in semicustom arrays. Yet you 
can in fact use a combination of npn and 
pnp devices in a variety of useful circutts. 


Winthrop Gross, Tektronix, Inc 


Although practically all semicustom analog arrays con- 
tain both npn and pnp transistors, pnp devices perform 
poorly in comparison with their npn counterparts. Lat- 
eral pnp transistors commonly found in analog arrays 
exhibit low beta (current-transfer ratio) and a low tran- 
sition frequency (f,). Substrate pnp transistors in ana- 
log arrays perform somewhat better than the lateral 
ones do, but because of their basic construction, you 
can only use substrate vertical pnp transistors as emit- 
ter followers. In spite of these limitations, however, 
you can often find innovative ways to use these pnp 
devices. In other cases, you can construct adequate— 
and sometimes superior—substitutes for pnp transis- 
tors by using additional npn types. 

Such extravagance is unthinkable in discrete circuits 
where every component costs money. With a semicus- 
tom array, however, the incremental cost of adding 
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extra devices is negligible, which makes the pnp tran- 
sistors in analog arrays like Tektronix’s QuickChip 2 
and QuickChip 6 more useful than they at first appear. 
In fact, you can use these pnp devices (as well as npn 
types) as de level shifters, current sources, compound 
devices, and output drivers, but in order to do so, you 
need to be familiar with the basic characteristics of 
these transistors. 


Lateral pnp devices have two p-type implants 

Lateral pnp transistors are formed by placing two 
p-type implant regions adjacent to, but not touching, 
each other. Because the epitaxial layer is an n-type, 
the p-type implants are separated laterally by an n- 
type region. This construction forms a pnp transistor 
in which the current flow runs parallel to the surface 
of the die. A combination of geometry, feature size, 
and doping profiles determine the characteristic of any 
given transistor. Unfortunately, the implants used for 
the lateral pnp are actually spare parts left over from 
the npn devices, and the feature sizes are large. Unless 
the process engineers add mask and implant steps (at 
considerable expense), they have no latitude with 
which to optimize the pnp transistors’ performance lev- 
els. Consequently, the IC designer has to take what 
he can get. 

The SH83 process used to fabricate the QuickChip 2 
and QuickChip 4 has a heavily doped epitaxial layer 
to maximize the speed of the npn devices. As a result, 
however, the emitter of the lateral pnp can’t efficiently 
inject minority carriers into its base. Thus the transis- 
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In contrast to discrete designs, the use of 
additional devices to improve performance 
does not usually mean more cost for sem1- 
custom arrays. 


tors have an extremely low pnp beta—SHs3 lateral pnp 
transistors have typical peak betas of 7. What’s more, 
the beta drops rapidly as the current increases; at 1 
mA, for example, the beta can drop to as low as 1. 
As you might expect, these transistors are also rela- 
tively slow. The transition frequency, f,, is only about 
20 MHz—more than two orders of magnitude lower 
than the 6.5-GHz performance of the npn types. 

Substrate pnp transistors are so named because they 
use the p-type substrate material as the collector. In- 
stead of two adjacent p-type implants, as in the lateral 
_ device, the substrate transistors use a single p-type 
implant for the emitter. Again, the n-type epitaxial 
region forms the base, but the current flow is vertical. 
Because the epitaxial region on the SH8 process is 
only 8 wm, substrate pnp transistors are somewhat 
faster (100 MHz f,) and have higher beta (75) than do 
their lateral equivalents. The problem with the vertical 
type of pnp transistor is that its collector is connected 
to the substrate, which is common to all devices on the 
IC and which must be biased to the most negative 
voltage in the circuit. Consequently, all substrate pnp 
transistors share a common collector and are only use- 
ful as emitter followers. 


Low-performance pnp devices have some pluses 
Clearly then, SH8 pnp transistors have limited use 
in high-performance signal paths, but they do have 
some advantages. For example, both the lateral and 
substrate transistors have reasonably high breakdown 
voltages. Breakdown voltages are all >10V for such 


Fig 1—This emitter-follower level shifter has a major disadvan- 
tage—temperature drift. 
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parameters as BVcpo, LVcKo, and BVgEgo. The lat- 
eral pnp devices’ Early voltage is high, and its collec- 
tor-base capacitance is low; together those voltage and 
capacitance values result in a high output impedance. 
The Vpe matching (o(AVpr)~0.5 mV) is also excellent 
for both devices. 


Level shifting can be a problem 

An obvious problem with all-npn signal paths is level 
shifting. As the signal progresses through cascaded 
npn amplifier stages, the dc level inevitably rises. To 
compensate, you can use one of several techniques that 
negatively shift de levels and yet maintain de coupling 
and wide bandwidth. 

The simplest level shifter is an emitter follower. 
Emitter followers are especially useful in SH8 chips 
because the npn devices retain their high f, at low 
collector-base voltages. A common-emitter amplifier 
(Q,) driving an emitter-follower (Fig 1) can operate 
at Vor =1.6V, and the combination exhibits no change 
in the de level. The f, of the common-emitter device 
is greater than 6 GHz. The major disadvantage of the 
emitter-follower level shifter (other than its small volt- 
age change) is temperature drift, which is typically 
—138mVFG. 


Diode strings are useful 

You can of course use diode strings for level shifting. 
You can form signal diodes from npn transistors by 
shorting the base to the collector. The disadvantages 
of diode level shifting are the large temperature coeffi- 


1 GHz 10 GHz 


Fig 2—The impedance of the diode-connected E15 transistor varies 
with both frequency and current. 
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cient of voltage (— 1.8 mV/°C per diode) and the diode 
impedance, which can affect the speed of the circuit. 
The impedance (Z,) is: 


KE sBr, + 1 
Za = la tat Thee X aap 3 


where r, and rpp are the transistor’s emitter and base 
resistances, respectively; s is jw; 7 is the base transit 
time; B is the forward-current gain; and I, is the diode 
current. Examination of this equation shows that the 
diode impedance is inductive in the region defined by: 


1/Bt,<o<1/1. 


Fig 2 plots Zg versus frequency for a diode-connected 
E15 transistor from a QuickChip 2 IC at several cur- 
rent levels. 

For noninteger multiples of Vpr, or when devices 
are scarce, the Vpr multiplier circuit of Fig 3 is useful. 
The voltage drop obtained with this circuit (ignoring 
B) is: 


Va= (Ver). 


Because of the soft knee in its voltage-current charac- 
teristic, this circuit requires a minimum value of cur- 
rent Ipj,, to work properly: 


Ibias> V BE/ Ro. 


_ Fig 3—This Vpr multiplier is useful for noninteger multiples of 
Vee or when available devices are scarce. 
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The circuit must satisfy this minimum bias current 
over temperature extremes and process variances. 
Note that the worst-case situation occurs at low tem- 
peratures, when Vpr is maximum, and when Ro is 
minimum. The de impedance, Zg, of the Vgr multiplier 
is: 


ts he 


meme 46h 
A(R + ata) 


The Vpr multiplier is similar to a string of diodes 
in operation: The voltage temperature coefficient is 
about —1.8 mV/°C per Vpr of Vq, and the impedance 
has an inductive component. Fig 4 plots Zg versus 
frequency for the Vpr multiplier in Fig 3. You can 
lower the high-frequency impedance of the Vpr multi- 
plier by adding capacitance from the collector to the 
base of the transistor. Fig 5 shows the effect of this 
added capacitance. 


Zi ~ [B(R, + Ry) + gmR,R,] x 


Zener diodes also shift levels 

Another simple level-shifting device is a zener diode. 
You can make zener diodes on single-layer-metal 
QuickChip 2s by shorting the collector to the emitter 
and using the emitter-base breakdown voltage of the 
transistor. The emitter-base breakdown voltage is 
5.7+0.3V at 50 wA/pm of emitter length. The TC of 


_this breakdown voltage is approximately 1 mV/°C. 


The advantages of zener level shifting are simplicity 
and high speed. The zener-connected npn has low dy- 


IZa| (@) 


106 107 108 109 1010 
- ee (Hz) 


Fig 4—The papeianie versus etiien is plotted a the circuit 
in Fig 3. 
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The lateral and substrate pnp transistors 
on analog arrays exhibit low betas and low 
transition frequencies. 


namic impedance because there is considerable capaci- 
tance shunting the junction and little resistance in se- 
ries with it. The QuickChip 2 library includes a model 
of an E15 device used as a zener diode, which accu- 
rately models dynamic impedance and temperature ef- 
fects. 

The disadvantages of zener-diode level shifting are 
that level shifts are only possible in increments of 5.7V, 
and that zener diodes are inherently noisy. (The Quick- 
Chip 2 library includes an equivalent zener-diode 
model, although you should consider the results ob- 
tained only approximate.) SH3 zener diodes typically 
have an equivalent noise resistance of 66 kM. A good 
way to avoid zener noise problems is to level shift from 


_ FREQUENCY (Hz) 


Fig 5—The impedance of the Vpr multiplier in Fig 3 1s affected 
by the circuit’s total collector-base capacitance. 


Fig 6—A zener-diode level shifter 1s driven from a high impedance 
source. 
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a high-impedance source. Fig 6 illustrates this tech- 
nique. The lateral pnp transistors found on SH3 chips 
are useful for this type of circuit because they have low 
output capacitance. 

Fig 7 shows yet another level-shifting technique that 
has the low noise and flexibility of a Vpr multiplier 
and good temperature stability. Capacitor C; optimizes 
the frequency response through the level shifter as in 
the Vpr multiplier. For temperature stability, the volt- 
age across resistor Rp should obey the relation: 


VRp =Vy- VBe- 


The Vpr term makes this relation temperature- 
dependent. And Ipp should have the correct tempera- 
ture- and resistor-dependence. That is: 


Fig 7—This level-shifter circuit has low dynamic eRe and 
good temperature stability. 


Fig 8—This current source is suitable for driving the level shifter 
in Fig 7. You can use multiple current sources to drive additional 
level shifters. 
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IRp =(Va- VBE)/Rp, 


You can easily establish these temperature dependen- 
cies with the simplest of current mirrors (see Fig 8). 
The design of the voltage source Vgq should provide 
a constant voltage equal to Vq across the reference 
string (Rpg and Q)). You should make Rprr from 
the same implant or thin film as Rp in Fig 7. If you 
use a l:n mirror, then Rppr=nRp. 

_ Although QuickChip 2 lateral pnp transistors are 
useful as current sources, you must take their low B 
into consideration. For example, the simple current 


PNPSUB 


Fig 9—Because of the low beta of the lateral pnp devices, this 
simple pnp current mirror has an output-current error of about 4%. 


mirror in Fig 9 has a large error due to the pnp’s low 
B. In that circuit, the output current is: 


1/Bg, + 1/Ba, 
Bast 


At best, the SH3 lateral pnp devices in such a mirror 
produces an error of about 4%. If the base current 
from the lateral pnp is less than about 1 mA, then Qs 
is a good place to use a substrate pnp, which has a 
much higher £ than the lateral transistors. 

Several techniques can improve the performance of 
pnp current sources. For example, the Darlington con- 
nection turns out to be a bargain at low B because the 
term Bp is usually ignored in the expression for Dar- 
lington current gain: 


Bp =B2+ 2B. 


Even at a device B of 1, the current gain of the Darling- 
ton connection is 3. 

You also have the option of using a more sophisti- 
cated control amplifier in place of the substrate pnp 
Qs (Fig 10). This circuit is particularly useful for con- 
trolling relatively high-current pnp sources (greater 
than 1 mA of the total base current). The npn differen- 
tial pair can sink more pnp base current than a sub- 
strate pnp can. An additional advantage is that pnp 


Fig 10—This pnp current source uses an npn control amplifier. This circuit is useful for controlling relatively high-current pnp sources. 
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Although they have low beta, lateral pnp 
transistors are okay in designs of a current 
mirror that have only a moderate error. 


base current does not have to return to substrate po- 
tential, so you may be able to save power. Capacitor 
C, provides stability; a single QuickChip 2 capacitor 
section should be adequate. To minimize VA effects 
in the pnp devices, you should make Vprrr equal to 
the nominal voltage at the current-source output. 

Fig 11 illustrates another way to improve the accu- 
racy of pnp current mirrors. The helper transistor, 
Qs, adds its collector current to the mirror output. 
This mirror has essentially perfect accuracy at two 
values of beta: infinite and 1. You also should not over- 
look the Wilson current source (Fig 12), which has 
high output impedance and slightly improved accuracy 
at low beta. The output current for the Wilson current 
mirror is: 


Fig 11—You can improve the accuracy of pnp current mirrors by 
adding transistor Q3, which adds its collector current to the mirror’s 
output. 


Fig 12-This Wilson current mirror has a high output impedance 
and slightly improved accuracy at low beta. 
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A common IC design problem is how to match a 
pullup (pnp) current to a pulldown (npn) current. One 
solution is to create a pair of matched pnp sources and 
to use one of the devices in the pair as the reference 
current for an npn mirror, as shown in Fig 13. Al- 
though it’s difficult to accurately determine the abso- 
lute value of the pnp current sources because of their 
low beta, the two sources, Qe and Q3, match by more 
than 98%. You can obtain even better matching by 
using Darlington-connected pnp devices. Because npn 
mirrors generally match by better than 99.9%, the 
total mismatch between the pnp source and the npn 
sink is about 2%. 

This matching technique suggests another method 


Fig 13—This circuit uses a matched pnp source as the reference 
for an npn current mirror. The total mismatch between the pnp 
source and the npn sink is about 2%. 


Fig 14—This all-npn current source for pnp devices uses positive 
feedback to increase the impedance of R;. A disadvantage of this 
circuit is its small voltage compliance, which is approximately IpRo. 
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of providing accurate, absolute mirroring of a reference 
current: You can create a matched pair of pnp sources 
and use one source to model the other (Fig 10). More 
sophisticated npn control amplifiers than the one shown 
in that figure increase the accuracy of this mirror to 
the limit dictated by the pnp alpha mismatch. This 
mismatch is typically less than 1% with a current of 
100 pA per pnp. 


The all-npn “pnp” current source 

The circuit in Fig 14 uses positive feedback to in- 
crease the impedance of long-tail resistor, R,. Ignoring 
the value of r, for both transistors, the total Igpr plus 
Iour current is: 


(Voc— Vour)/Ri+(Vour— Vp)/Re= leg + Iour. 
If you set Ro= Ry, then: 
lout=(Vcc— Vp- Irs x Ry)/R, 


which is a constant. 

The differential pair, Q; and Qo, has a voltage gain 
of 1 (Re must be slightly less than R, to account for 
the finite G,, of Q; and Qo). A disadvantage of this 
circuit is the small voltage compliance (approximately 
IpRo). A tradeoff does occur between output current 
and compliance: As Ipp increases, Ipy7 decreases and 
compliance increases. Because of the high f, of SH3 
npn transistors, the apparent increase in the imped- 
ance of R, continues through high frequencies. Fig 15 


« 8 
FREQUENCY (Hz) © 


Fig 15—Plotted here is the output impedance versus the frequency 
for the circut in Fig 14. The magnitude of the circuit’s impedance 
continues through high frequencies. 


EDN October 27, 1988 


Fig 16—This almost-all-npn current source has a wide compliance 
range: from about 2V below Vcc down to the breakdown voltage of 
the npn devices. 


: _ 1G . 108 _ 107 _ 408 “108 


Fig 17—This plot shows the output impedance versus the frequency 
for the circut in Fig 16. 
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The higher beta in substrate pnp transistors 
makes them useful in current mirrors where 
the base current from the lateral device 

1s low. 


plots the equivalent parallel output capacitance and 
resistance versus frequency for the circuit in Fig 14. 
If you substitute a current source for R4, Ioyr mirrors 
that current through its dependence on Vcc — Vp. Fur- 
thermore, the circuit is an anti-mirror for Ip. 

Fig 16 shows a superior almost-all-npn “pnp” current 
source. In this circuit, the op amp formed by Q, and 
Qs maintains equal voltage across R; and Re. Because 
the voltage across R, is a constant (Ix x Rj), the cur- 
rent through Rg is also a constant. The output current 
of this circuit is: 


lour=Ix x (Ry/Rp). 


This circuit has a wide compliance range, which ex- 
tends from about 2V below Vcc all the way down to 
the breakdown voltage of the npn transistors. Fig 17 
plots the equivalent parallel R and C of this current 
source as a function of frequency. The circuit recovers 


EMITTER 
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Fig 18—This compound pnp device combines an npn transistor 
and a lateral pnp transistor to form a high-beta pnp equivalent. 


Fig 19—The compound pnp device has an excess phase of 160°. Its 
equivalent delay of 1.2 nsec is undesirable in feedback circuits. 
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rapidly from a transient load change, aided by the 
feed-forward capacitor, C,. The only disadvantage of 
this circuit is that the noise from current source I, is 
multiplied by the ratio Rj/Ro. 


Compound pnp devices are tricky 

The compound pnp circuit (Fig 18) enjoys some noto- 
riety. It combines an npn transistor and a lateral pnp 
transistor to make a high B pnp equivalent. The current 


gain, Bert, is: 
Berr=(BNPN + L)BpNnp. 


Furthermore, the circuit’s f, of about 400 MHz is 
impressive. All this high performance may seem too 
good to be true, and in fact it is. For one thing, the 
plot of Fig 19 shows that the excess phase of the com- 
pound pnp device is a whopping 160°—equivalent to 
about 1.2 nsec of delay—which is disastrous in feedback 
circuits. The compound pnp circuit of Fig 18 is also 
intrinsically unstable under certain conditions. For ex- 
ample, in a common-collector (emitter-follower) opera- 
tion, the loop formed by the lateral pnp transistor feed- 
ing back from the collector of the npn transistor to its 
base is unstable. 

Although it exhibits lower beta, the compound pnp 
device in Fig 20 is much better behaved. The diode, 
Qs, limits the current gain of the npn section to 4. The 
low gain pushes the pole (contributed by the npn tran- 
sistor) far enough out so that the loop is stable. The 
f, of this compound pnp device is about 100 MHz; the 
excess phase shift is a tolerable 35°. 

Although complementary npn-pnp transistors are 
ideal for class B output drivers, it’s possible to inte- 
grate high-performance class B stages using only npn 
devices. The circuit in Fig 21, a transimpedance ampli- 
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Fig 20—The presence of diode Q3 improves the operation of this 
compound pnp device. The f, of this compound pnp is about 100 
MHz, and its phase shift is a tolerable 35°. 
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The Only 
Off-The- 
Shelf, 
Universal 
Input 
Power Supply 
Has Just 
Become 
Reality. 


IDEAS T 


Introducing VL Series Power 
Supplies. The only standard, 
off-the-shelf, universal input 
power supplies available. And 
only Converter Concepts can 
bring them to you. 


Surface Mount Technology 
Allows Converter Concepts To 


Give You A Unique Advantage. 


The VL Series Power Supplies 
utilize surface mount 
technology. And since we now 
have in-house surface mount 
capabilities, you get the total 
“Made in America” quality 
you've come to expect from 
Converter Concepts, at a 
competitive price. 

Converter Concepts’ unique 
new PC board level, universal 
input power supplies are 
completely interchangeable 
with standard footprints as 
well as standard input/output 
configurations. 


The VL Series 

is available in 40, 50 

and 60 watt models with 
either 3 or 4 output configura- 
tions. The outputs are post 
regulated and both voltage 
and current limited. 


Now you can have the 
advantage of universal input in 
addition to the quality and 
reliability afforded by surface 
mount technology. 


Plus, if you require a product 
other than a standard model, 
we have the engineering 
expertise to design and 
produce a power supply that 
meets your exact specifications. 
And that includes universal 
input spec’s for TEMPEST. 


Yes, other power supply 
makers may try to hand youa 
line about their universal input 
expertise. But remember, we 
created and perfected universal 
input technology more than a 
decade ago. That’s your 
guarantee of quality. 


See us at the Wescon Show, Booth #1515, 1517 


The VL Series Power Supplies 
are the latest innovation from 
the people with ideas—ideas 
that power technology. For 
more information, contact 
Converter Concepts today! 


Sh 
SK 4, 
CONVERTER 
CONCEPTS? 


Industrial Parkway 
Pardeeville, WI 53954 
Toll Free: (800) 253-5227 
(608) 429-2144 

TWX: 910-280-2630 
Telefax: (608) 429-9241 
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Because using extra npn devices on analog 
arrays 1s essentially cost-free, you can use 
them by themselves or with pnp devices. 


fier with a gain of 12 kQ, illustrates the basic approach. 
The circuit’s input has a nominal de level of 1Vpr above 
ground and should be driven from a current source. 
The low-impedance output can swing from approxi- 
mately 2Vpr above ground to 1Vpr below Vcc. Q, 
takes care of negative going outputs; Qo is an emitter 
follower that handles the positive excursions. Qo de- 
rives its base drive from R;. What makes the circuit 
work is Dj, which switches off Qo on negative excur- 
sions. Thus, the circuit acts like a class B output with 
the standing current determined by Rj. 


Integrated node limits stray capacitance 

Note that the positive slew rate of this amplifier is 
a function of R, and the effective capacitance at the 
base of Qo. Because this node is integrated, the stray 
capacitance is low. Consequently, this output circuit 
is capable of fast voltage slewing. The capacitance of 
Qs is sometimes reduced further with a degenerated 
Darlington pair (f£, doubler) that is substituted for Qo 
when driving low-impedance loads. 

Fig 22 shows a practical implementation of this cir- 
cuit on an SH8 chip with overall shunt feedback and 
with the common base Qg added to cascode-connected 
Q, and with Q, and Qs added in order to speed up Qo. 
Additional devices are added to the collectors of Q, 
and Qe to prevent LVcro breakdown. Qo and Qj; pro- 
vide current limiting to control the slew rate and pro- 
tect against output shorts. De and Dg minimize the 
voltage swing at the base of Q, in the transitional 
region between pullup and pulldown. 

The quiescent power dissipation of the circuit in Fig 
22 is only 50 mW. The input’s dc level is now 2Vpr 


Fig 21—Although complementary npn-pnp transistors are often 
used for class B output drivers, this basic circuit uses only high- 
performance npn devices. 
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above ground, and the output can swing from about 
1Vpr above Qs’s base supply of 5V to about 3Vpr 
below the 20V Vcc supply. Moreover, you could easily 
translate the circuit to operate between 10V supplies 
with a level shifter, such as that in Fig 7, driving the 
input. On an SHB chip, the Fig 22 circuit is capable 
of about 12V of output swing (limited by BVcpo of 
Qs); on an SH-HV chip, 60V of output swing is possible. 


Performance isn’t always everything 

Although high-performance pnp transistors are an 
important weapon in the discrete-circuit designer’s ar- 
senal, the advantage of having high-quality pnp devices 
is usually a minimum number of transistors for a par- 
ticular function and not higher performance. With inte- 
grated-circuit design, the number of devices required 
to implement a function is not nearly as important as 


Fig 22—This practical implementation of a class B driver uses 
several additional devices to achieve high performance. 
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—60dBc distortion at 50MHz. 
Suddenly, the buffer gets 
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~ 400ps 
rise time and 


interesting’ 


©1988 Comlinear Corporation 
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Because you re 
thinking fast... 


you need responsive sup- 
pliers as well as fast parts. 
Comlinear is tuned in. With 
high quality, high-speed 
products. Assistance from 
R&D-level applications 
engineers to help develop 
your ideas quicker. Sales 
and distribution that get you 
what you need fast. Quality 
product documentation with 
guaranteed specs so you 
don't waste time. In your 
business, time is every- 
thing. Count on us for the 
speed you need. 


This is a buffer breakthrough! 
Comlinear introduces the CLC110 
Monolithic Buffer Amplifier for 
phenomenal speed and outstanding 
accuracy all in a single high- 
performance part. 

The CLC110 features a closed- 
loop unity-gain design that’s so 
unique, it’s patented. This buffer 
is fast! The —3dB bandwidth is 
730MHz (0.5Vpp) and the settling 
time is a mere 5ns to 0.2%. And 
it’s accurate! With very low 2mV 
offset voltage, 20V/°C drift and 
—60dBc distortion at 5OMHz 
(2Vpp into 100Q). 

The CLC110 is ideal for 
high-speed line driving and video 
distribution. It’s also a great 
choice for driving capacitive loads, 
especially in the newest 100 to 
200MSPS flash A/D converters; 
its fast 75Ops group delay, 800 V/s 
slew rate and 400ps rise time make 
it excellent for op amp feedback 
loops as well. 

Try the CLC110 in your next 
design for both the speed and 
accuracy you need. Without 
compromise. 


Comlinear 
Corporation 


Solutions with speed 


4800 Wheaton Drive 
Fort Collins, Colorado 80525 
(303) 226-0500 
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Sealed industrial 
power switches with 


UP the cost of the silicon and how much area the added 
devices consume. Generally, the extra cost and greater 

4 area requirements of high-performance, integrated pnp 

a transistors outweighs any advantage in device count. 


In some cases, pnp transistors can offer higher per- 
formance—for example, an output driver that swings 
to within a few hundred millivolts of its positive and 
negative rails—but such cases are rare. Although you 
would normally design discrete circuits with npn and 
pnp transistors of equal performance, this option is 
usually not available with semicustom circuits. Never- 
theless you can, in many cases, duplicate discrete- 
=e circuit performance by using primarily npn transis- 

: tors—with some help from lateral and substrate pnp 
types. 
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IBM PC 
COMPATIBLE? 
100% 


or Your 
Money 
Back. 


Octagon’s new STD-XT™ CPU 
card and XT Support card for the 
STD Bus deliver 100% IBM com- 
patibility. If your software runs 
on an IBM, it will run on our 
system, every time. We guaran- 
tee it—or your money back. 


Convenience: 
Your compilers, scientific soft- 
ware, “C” libraries and debug- 
ging tools all work just 
the way they do on — 
your PC. 


Compatibility: 
The Phoenix BIOS 
insures that every soft- 
ware call is IBM compatible— 
Western Digital and Chips and 
Technologies ASIC chips insure 
compatibility right down to the 
hardware level. No compro- 
mises, no exceptions. 


STD MANUFACTURER'S GROUP 


STD-XT and STD BASIC III are trademarks of 
Octagon Systems Corporation. IBM PC is a 
trademark of IBM. Western Digital, Phoenix, 
Chips and Technologies are respective trademarks. 
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Rugged: 

Our STD-XT uses high noise 
immunity CMOS, operates over 
a 0° to 65°C range, and both 
cards require only 3.2 watts. 


Stand Alone Operation: 
The STD-XT card can be used 
alone with a terminal. Applica- 
tions can be written in the 
resident STD BASIC III™, the 
best ROM-—based, industrial 
BASIC available. Or you can 
use our optional ROM Disk 
Card and software to ROM 


Low Cost: 

The STD-XT card is $795 and 
the XT Support card is $695. 
Prices include 256K RAM and 
BIOS and STD BASIC IIL. 


FREE CATALOG 
available on the STD—XT and 


other STD Bus products. 
CALL (303) 426-8540 
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“C,” PASCAL or other software. 


pb mmer 


Features: 

STD-XT 

e COM1 and COM2 serial ports 

e LPT1 printer port 

e 128K battery—-backed RAM 
included 

e 192K optional RAM/ROM 

e Battery-backed clock 

e IBM keyboard input 

e 4.77 and 7.15 MHz. 


XT SUPPORT 

e Floppy drive controller for 
3.50/20) Orives 

¢ RGB color and monochrome 
monitor port 

e Up to 384K of static RAM 

¢ Up to 16M on RAM/ROM 
Disk Cards. 


OCTAGON SYSTEMS 
CORPORATION 


6510 W. 91ST Avenue 
Westminster, CO 80030 
(303) 426-8540 
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If you've been singing for higher contrast type modules. Making a visible improvement 


Liquid Crystal Displays, Seiko Instruments in your products easy. Quick. And free of 
has some happy news foryou.  ——_—__ Sie retooling costs. 
Thanks to the unique blue be | ' enencrmanmaa | ‘oe And, with a variety of 


characters on their LCD 
modules, seeing what’s on 
the screen is easier than ever. 
Another big advantage 
of getting the blues from 
Seiko is their extremely wide 
viewing angle. The widest avail- 
able for small LCDs. So your 
customers can read the screen 
from positions that are com- 


these easy-to-read modules 
ranging from 1x16 to 4x40, 
Seiko’s bound to have what 
you need. 

Call Seiko Instruments 
today at (213) 517-7770 and 
ask about their LCDs with 
the blue characters. It’ll give 
you, and your customers, a 

whole new outlook on 


fortable to them. Little . | eal your products. 


extras that meana 


; Seiko Instruments, USA, Inc. 
lot when it comes to 


Electronic Components 


making a design Division 
decision. 2990 West Lomita Blvd. 
If all this sounds Torrance, CA 90505 


(213) 517-7770 
FAX (213) 517-7792 


good, there’s one 
more feature that’ll 
be music to your ears. Plug-in compatibility. 


Simply drop in th dules wh tko Inst ts 
Oa Wor Geile <a ects earallelautertace: TN. Seiko Instrumen 
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DG123 connector and aluminum connector 
after 500 hours of salt spray testing. 
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sDeutsch composite co 


Even after being subjected to a 2,000°F 
flame, this DG123 connector demonstrated 
no loss of electrical continuity and did 

not support combustion. 


At last, there’s a family of lightweight connec- 
tors that can stand up to just about anything-— 
highly corrosive environments, blistering heat, 
arctic cold, extreme EMI/RFI exposure, crushing 
external forces. There’s never been anything 
like Deutsch composite connectors. 


The closest thing yet 
to corrosion-proof 
connectors. 


What does a Deutsch 
composite connector look 
like after 1,000 hours of 
salt spray? Virtually identi- 
cal to a new connector 
that’s fresh off the 
assembly line. And 
how do they perform? After three years 
of continuous Salt spray tests, the electri- 
cal continuity of a Deutsch composite connector 


has been totally unaffected. And still the test 
goes on. 


Composite connectors weigh substantially 
less than comparable aluminum connectors. 


©1988 Deutsch ECD 


when condition 


Heavyweight performance 
from lightweight connectors. 


Deutsch DG123 cylindrical composite connec- 
tors, as well as our ABC rectangular composite 
connectors, weigh up to 36% less than comparable 
aluminum connectors. They can make a very 
substantial reduction to your total installed 
weight, yet they meet or exceed the performance 
of aluminum in all key 
criteria. DG123 andABC am 
offer weight savings ‘ 
without compromise. 


Composite 
connectors can 
take the heat. 


And the cold. They 
operate continuously in 
temperature extremes 
from — 85°F to +347°F. When subjected to a2,000°F 
flame, Deutsch composite connectors demon- 
strated no loss of electrical continuity during the 
first six minutes, and did not support combustion 
during the entire 20 minute test. There was also no 
_ sign of burn-through or toxic 
or noxious fumes. 


ne RY i ta Se, 
ABC connectors can be stacked, while 
accessibility is maintained to each plug 
shell for easy removal of the module. 


ectors are at their best 


ire at their worst. 


Outstanding 


DG123 cylindrical 
connectors offer 
backshell-to-backshell 
shielding that meets or 
exceeds current state- 
of-the-art requirements. 
The metalization pro- 
vides redundant, conductive paths on both the 
inside and outside of the connector and backshell. 
If one path is broken, the other will assure shell- 
to-shell conductivity and shielding protection. 


Built for the long run. 


Unlike metal connectors, the resilience of 
DG123 and ABC composite connectors alows 
them to spring back : 
into shape after 
improper handling, 
rather than bend or 
crack. In fact, one 
DG123 connector 
was run over by a2! 
ton truck with no 
adverse effect. In 
another instance, a 
270 Ib. man put his 
full weight on a mounted connector, while 
using it as astep, with no deformation or 

cracking. DG123 and ABC connectors 
have also survived thousands of mating 
cycles without galling, powdering 
or contact degradation. 


DG123 and ABC composite connectors 
offer outstanding EMI/RFI protection. 


In many instances, composite connectors 
will give, rather than break under stress. 


EMI/RFI protection. 
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* Compared to the aluminum connector 
on the right, the ABC composite connector 
on the left is virtually unaffected after 
1000 hours of salt spray testing. 


Call for complete information. 


Whether it’s weight-savings, performance 
under extreme temperatures, extra durability 
when mishandled, EMI/RFI protection, or 
corrosion resistance, Deutsch composite 
connectors can withstand just about anything 
a connector is likely—or unlikely—to come up 
against. For complete information, call or 
write Deutsch today. 


DEUTSCH 


ENGINEERED CONNECTING DEVICES 
700 S. Hathaway, Banning, California 92220 
Telephone ('714) 849-7822 ® FAX (714) 922-1544 


® 


Lateral entry increases your output up 
to 400%, by eliminating rework and 
scrap without increasing labor costs. 


That’s why it’s logical to terminate .050” flat 
cable with LAI-CON connectors. In this unique 
system, the cover and socket are supplied 
joined on one side with the opposite side 
open. This permits fast and accurate lateral 
entry and termination of the flat cable when 
used with Panduit’s unique, inexpensive 
tooling. 


And the patented design makes it logical to 
_ use the same connector for both end and 
_ daisychain terminations, allowing you 

— tocut your inventory costs and 
boost your productivity. 


Visit PANDUIT at Wescon Booth #3287-89 


Panouit LAT-CON Connector System 


Lateral is Logical 


Panduit’s logical LAT-CON system gives you all 
these benefits: 


®™ Broad line of .050” products, including 
sockets, card edge and transition con- 
nectors; three styles of headers. 


™ Selective gold or tin plating options on high 
quality contacts. 


™ Applicable products U.L. recognized and 
MIL-C-83503 Intermateable. 


™ Custom coding available without loss of 
contact. 


© Full line of time-saving termination tooling, 
including high volume reel-fed system... 
designed to lower your installed cost. 


Be logical—go lateral. Call today for FREE 
Samples or a Productivity Improvement 
Demonstration. 


1-800-323-2428 (In Illinois 1-312-887-1000) 


ANH! : CORP 


ELECTRONICS GROUP 


Tinley Park, IL 60477-0981 
In Canada: Panduit (Canada) Limited 
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C-based analog 


pc-board design 
Part 2 


-Analog-board-layout tips 


Overcome. limitations 


of CAD 


Unfortunately for analog engineers, PC- 
based software for pc-board layout does not 
easily accommodate the distinct require- 
ments of analog design. Part 1 of this serves 
examined CAD packages in terms of their 
applicability to analog pc-board design. 
Part 2 offers some tips for making the most 
of the packages available today. 


Kimberley F Quirk, Engineering Services Group 


Analog pc-board designers who want to use inexpen- 
sive, PC-based CAD software soon find out that most 
packages are intended for engineers designing rela- 
tively simple digital boards. Designers of sensitive or 
high-frequency circuits need special capabilities. They 
need to be able to add extra grounding or guarding 
signals and to define parts and custom traces to 1-mil 
resolution. More importantly, they need to create 
planes, put multiple planes on one layer, and incorpo- 
rate signals into ground planes—all of which are tasks 
that PC-based CAD software generally doesn’t per- 
form too well. 

Using two inexpensive software packages as exam- 
ples, this article will demonstrate what you can expect 
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software 


from your PC-based pc-board software and how you 
can overcome its limitations. The two packages are 
PADS-PCB from CAD Software (Littleton, MA) and 
RGraph/Criterion II from Aptos Systems (Scotts Val- 
ley, CA). Aptos Systems is specifically trying to sell 
RGraph to the analog market, and some of the soft- 
ware’s features reflect that goal. CAD Software, on 
the other hand, takes into account some analog issues 
but is not actively catering to the needs of analog de- 
signers. 

In late 1986 (when I was choosing a software pack- 


age), the most significant difference between the two 


programs was the price. RGraph was about $10,000 
and PADS was about $1000. The RGraph system in- 
cluded, as standard items, higher-resolution graphics 
as well as schematic entry, photoplotter outputs, and 
other features that were only options with PADS-PCB. 
The PADS-PCB program was strictly a layout pack- 
age, with no router, no Gerber output, and no sche- 
matic-capture capabilities. Aptos Systems has since 
split up its system into parts, and CAD Software has 
added all the options, so the two systems are very 
competitive in price. 

Basically (and being overly simplistic), PADS-PCB 
is a very capable program that people who aren’t very 
knowledgeable about pc-board design can use. To 
achieve simplicity, the program makes assumptions, 
some of which limit its analog capabilities. PADS-PCB 
does not allow for freehand drawing, especially in the 
area of pads and silkscreen shapes. You cannot copy 
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“Dummy” signals may be a good way to 
trick the software into allowing you to add 
extra guard signals. 


groups of symbols easily, and you are restricted to 90° 
increments of rotation. 

On the positive side, however, the program does 
contain features that you’d expect to find only in larger 
CAD systems. You can apply some of these features 
to analog designs, but most of them were intended for 
the digital domain. For instance, PADS-PCB has many 
valuable reporting features and placement aids, a good 
user interface, and interactive routing and checking 


features. It handles ground planes well and allows for - 


interesting combinations of split ground planes. You 
won't find it easy to put traces on ground planes, but 
it can be done. 

RGraph/Criterion II permits freehand drawing, cus- 
tomizable pads, and rotation in 0.1° increments. You 
can very easily copy areas or individual parts over and 
over again. Everything you can do to a part on one 
layer, you can do to a group of parts on one or many 
layers. This kind of flexibility requires a more complex 
program, however, and RGraph/Criterion II may not 
be as easy to learn or to use on an occasional basis as 
is PADS-PCB. It is also more difficult to maintain 
continuity and perform error checking. In addition, 
RGraph/Criterion II has fewer “digital” reporting fea- 
tures and automatic functions than does PADS-PCB. 
You'll have more trouble setting up ground planes with 
RGraph, but you'll find it easier to put traces on them. 

If you have noise-sensitive signals in your design, 
you may need to individually shield the traces. By 
surrounding a trace with extra ground (or guard) cop- 
per, you can help to isolate two nearby signal lines and 
prevent crosstalk between them. Filling in blank 
Spaces with extra copper ensures even better ground- 
ing or isolation. Fig 1 shows an example of shielded 
traces and added ground copper. 

Some programs make no distinction between draw- 
ing copper (any shape, any place on the board) and 
laying down traces. If this is the case with your soft- 
ware, you can probably add quite a bit of extra copper 
as traces before you run into memory limitations. A 
traditional digital design package allows thousands of 
connections, but you don’t need nearly as many on an 
analog board. 

Other programs have two separate routines, one for 
adding copper and one for laying down traces. Such 
programs are more likely to run into memory-based 
restrictions regarding the amount of copper you can 
put down because digital software assumes you don’t 
need much extra copper. 

In placing extra copper for grounding and isolation 
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Fig 1—Most pce-board CAD packages allow the user to add copper 
and guard signals. Notice the shielded trace on the right side. 


purposes, don’t forget to consider the impact on design- 
rule checking. Many systems don’t require or permit 
you to name this extra copper, which means that they 
won't do an accurate job of checking. Hopefully, your 
system will still be able to check the rest of the board, 
but there’s a chance that the checking feature will be 
useless for some designs. 

If your software doesn’t allow you to add enough 
copper to adequately guard the necessary signals, an- 
other alternative is to add dummy signals (ultimately 
tied to ground) to the rat’s nest. Some software pro- 
grams allow the addition of extra ground traces to the 
rat’s nest, which you can later route between noisy 
signals. Be aware that some software may limit the 
number of connections you can make from point A 
(one ground connection) to point B (another ground 
connection). PADS-PCB, for instance, will only let you 
make one direct connection from A to B, though you 
can make indirect connections from A to B to C to A. 

Some software programs may force you to route 
these multiple traces as independent signals shorted 
together, but because they are all tied to ground, you 
shouldn’t have to be concerned. Moreover, this method 
has an important advantage. Once the traces are part 
of the rat’s nest, the design-rule checker will automati- 
cally check them for spacing violations just like all the 
other traces. 

If you need to fill in the blank spaces with copper 
and it turns out that your software’s memory limitation 
restricts the amount of copper you can use, you do 
have another alternative. You could redefine the entire 
layer as a ground plane with embedded signals. This 
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type of design achieves the best grounding, but it is 
generally more difficult to implement. 

Most analog pc-board software has (or should have) 
some way of generating a plane. The difference be- 
tween programs is the ease of generating it. A “basic” 
plane (power or ground) is an inner layer that does 
not have any signal traces. It is a layer of copper with 
relief pads (unconnected pads) around most of the holes 
and with solderable thermal pads for those points that 
need to connect to the plane. 

RGraph/Criterion II is fairly typical in its method 
of creating a plane. It requires that you know in ad- 
vance where the connections to the plane will be and 
that you call for a thermal pad in the initial part defini- 

ion. It may also require multiple definitions for each 
part in the library. 

PADS-PCB, on the other hand, automatically puts 

hermal pads on the plane layer in the appropriate 
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Fig 2—Being able to incorporate traces on a ground plane is im 


on the trace layer (a). Then copy this pattern and widen the traces and 


to make the composite image (d). 
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places by referring to the rat’s nest signal name. For 
example, if your ground signal is called “GND” in the 
rat’s nest, PADS-PCB will automatically insert a ther- 
mal pad instead of the pad defined with the original 
part on the appropriate plane layer. Because this place- 
ment is automatic, you have no say in the appearance 
of the thermal pad and you cannot view the actual 
plane on your monitor. The software makes many other 
assumptions, which simplify the layout process, but 
which can often be too restrictive for analog users. 


If you need a ground plane with signals... 

Imagine that you want to design an analog board 
with the component side made up of only a ground 
plane except where signal traces must be run (Fig 2d). 

Ideally, you would set up the computer so that the 
top side would be the ground plane and the bottom 
side would be a regular trace layer. You would route 


nt for many analog applications. First, you need to route the traces 
pads (b) and invert the image (c). Finally, combine the two patterns 


Tf your design calls for a board with 
noise-sensitive sygnals, you may need to 
indwidually shield the traces. 


traces on the bottom side as usual. When you route 
the traces on the top side, the software would auto- 
matically generate the necessary relief around the 
traces to isolate them from the plane. 

Unfortunately, you won’t find any ideal software. 
To actually design such a board, you may have to create 
your own relief layer and trace layer as two separate 
items. (Again, you would route the bottom traces as 
usual.) 


In the real world... 

Begin the process by routing traces of the desired 
width on the trace layer (Fig 2a). Then copy all the 
traces and pads from that layer to the relief layer and 
make them wider (Fig 2b). Make a negative image of 
this relief layer (Fig 2c) and combine it with the trace 
layer to get the desired result (Fig 2d). Depending 
on your resources, you may be able to use a laser 


photoplotter to superimpose the two images on one 
piece of film (see box, “Laser plotters ease the task 
of photoplotting”). 

The RGraph/Criterion II program handles this proc- 
ess simply because it allows you to copy all traces from 
one layer to another and widen them. As was discussed 
earlier, though, you must treat the thermal pads indi- 
vidually when creating parts. As long as you are organ- 
ized from the start of the project, you can define parts 
to include the correct thermal and relief pads on the 
relief layer and the desired pad sizes on the trace layer 
(see box, “Careful design preplanning enhances pro- 
ductivity”). You will then find it relatively easy to 
generate the desired ground-plane signals. 

The procedure that the PADS-PCB program uses 
is slightly more cumbersome. As with RGraph/ 
Criterion II, you must choose pad sizes when creating 
parts, but PADS-PCB doesn’t permit you to copy 
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Most designers, both analog and 
digital, use a photoplotting serv- 
ice to generate moderately dense 
artwork rather than plotting with 
ink on Mylar in their own facility. 
A photoplotting service improves 
accuracy, yet doesn’t add much 
to the cost of the entire job— 
depending on the size of the 
board, it can cost less than $100. 
Two photoplotting methods are 
currently available. Gerber pho- 
toplotters are traditional, and la- 
ser photoplotters are growing in 
popularity. The Gerber system 
works by exposing film through 
an aperture wheel to create pads 
and traces. Each different-size 
pad requires a movement of the 
wheel, and each pad has to be 
“flashed” separately. Typically, 
you pay by the hour for Gerber- 
system photoplotting. A laser 
system works more like a dot- 
matrix printer; the file is read in 
and printed from top to bottom 
_ without the need for a physical 
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Laser plotters ease the task of photoplotting 


aperture wheel. With laser pho- 
toplotting, you pay by the sheet 
of film. 

A standard file fortnat exists 
for Gerber plotters, and most la- 
ser-plotting facilities will accept 
Gerber files. You still need an ap- 
erture list (which the vendor usu- 
ally supplies with the software) 
for either method of plotting. 

One of a laser plotter’s advan- 
tages is that it can plot negative 
images directly. Usually, ground 
planes (as well as power planes 
and solder masks) are created as 
negative images because most of 
the area will be copper. With a 
Gerber plotter, a pad plotted on 
this layer would be inverted or 
“not copper.” To get the desired 
image, a contact negative would 
later have to be made of that film. 

Because a laser photoplotter 
can plot negative images, you can 
go one step further and plot the 
positive image directly on top of 
the negative image to form a com- 


posite image. This technique isa | 
good way to generate a ground 
plane with signals on it. 

When your laser plotter has 
finished combining the two _ 
ers, you should verify that you __ 

still have your targets. The tar- 

gets should be left on the nega- 
tive-image layer and should be 
removed from the positive-image 
layer. If you leave them on both 
images, they will be negated and 
the fabrication house may have | 
difficulty lining up your artwork. © 

A Gerber plotter requires that 
you plot the relief image of the 
plane, make a contact negative, 
and plot the positive image of the 
plane (with traces) as two sepa- 
rate films. You then visually align 
the two films to get the final im- . 
age at the time of fabrication. Us- 
ing a laser photoplotter can save 
you money, and it also eliminates 
the possibility of misaligned im- 
ages. 
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traces onto another layer (though you can uniformly 
increase trace widths). One way you can get the same 
traces with different widths is to save the job under 
two names and change the trace widths on one of the 
files. With this technique, of course, you have to take 
care not to confuse your original and modified files and 
artwork. The positive images will be generated from 
the original file and the negative image will be the 
product of the newly created file with increased widths. 


You have one other option 

For situations where there aren’t many traces on 
the composite plane (that is, the ground plane with 
signals), one other method is also suitable. After rout- 
ing the few signal traces that there are on the trace 
layer, you can create relief traces by adding copper 
to the relief layer directly over the signal traces. The 
relief traces should be 30 to 50 mils wider than the 
signal traces, and they must line up perfectly. Because 
of the independent creation of the layers, you'll prob- 
ably find it difficult to line them up. If the layers aren’t 
properly aligned, or if changes are made on one layer 
and forgotten on the other, you will end up with traces 
shorted to ground. This is another reason to take great 
care in tracking files and changes. 

If your software package does not support any of 
these methodologies, you still can use it to create the 
two layers: Save the job under two file names, as 
above, and change each trace width and pad size by 
hand in one of the files. This process is very tedious 
and, because of the time and work required, you should 
only attempt it as a last resort. 


Split planes may be crucial, too 

For those applications where it is desirable to have 
a digital and an analog ground plane, or more than one 
analog ground plane, you may need a split ground 
plane. On a 4-layer board, for instance, you can use 
the two outer layers to run all the traces, one inner 
layer for the power ground, and the other inner layer 
for both the digital and the analog grounds. Until you 
actually buy a software program and experiment with 
it, you'll find it next to impossible to determine if you 
can use split ground planes and, if so, what sort of 
contortions you might have to go through to implement 
them. Fig 3 shows a representative split plane with 
thermal connections on each plane. 

The PADS-PCB program allows you to assign as 
many as 10 different signal names to any one plane 
layer. Every pad that connects to one of these signals 
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Fig 3—Split planes can be useful for accommodating both ground 
and power signals when you need to mix analog and digital grounds 
or when you need to isolate large areas. 


gets a thermal pad on the plane layer. You must be 
careful because of the likelihood of accidentally con- 
necting both the Vcc and ground signals to the same 
plane. If you need to connect the digital ground and 
the analog ground to planes on the same layer, how- 
ever, using a program such as PADS-PCB is a fairly 
direct method. Other software offering automatic gen- 
eration of planes may allow only one signal to be con- 
nected to the plane at a time, which would prevent 
you from using multiple signal names to create a split 
plane. 

With PADS-PCB, you can use relief copper to define 
the outline and separation of the ground layer— 
remember that this layer will be a negative image. 
Assign names such as AGND (analog ground) and 
DGND (digital) to the proper plane layer to ensure 
that thermal pads are automatically generated. Don’t 
forget that a DGND pin that lies over the analog 
ground area will introduce a thermal pad into the ana- 
log ground area. Any pins that you connect to AGND 
that are physically located over the digital ground 
plane will result in an incorrect connection to that 
plane. 

Ideally, the program would have a clean way of cre- 
ating and utilizing split or multiple ground planes, in- 
cluding the ability to perform error checking on these 
planes. In reality, expect to spend time carefully hand 
checking these areas. 

If you’re using a program such as RGraph/Criterion 
II, you can define any part, regardless of its signal 
connection, as having a thermal pad on a particular 
layer. Because the software doesn’t perform any check- 
ing to see if you’ve connected more than one signal 
name to a ground area, you’ll need to carefully check 
the layers by hand. As with PADS-PCB, you must 
draw or create copper on the ground layer to separate 
the two ground planes. 

In certain situations, it may be impossible to split 
the plane: if the software generates planes automati- 
cally; if the software allows only one signal name per 
plane layer; or if you’re not permitted access to the 
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When you begin to use CAD soft- 
ware to design your analog pc 
boards, you'll discover that your 
first few boards will take much, 
much longer than your most con- 
servative “guesstimate.” Com- 
pleting the following steps before 
beginning your layout should help 
you to become better organized 
and to use your time more effi- 
ciently: 

1. Create a table relating part 
types to decal or footprints, as 
well as to pad sizes on each layer 
and to hole sizes. 

2. Make sure you understand 
board information such as dimen- 
sions, “keep-out areas,” number 
of layers, and grounding 
schemes. 

3. Define all parts. With many 
packages, this may be a 2-step 
(or more) process. First, define 
the graphic representation of a 
part, and second, document the 
text that relates part types to 
decals and defines packaging 
information. 

4. Double-check that your net 
list is suitable for direct input into 
the layout/routing software. If 
your schematic package and pc- 
board design software are from 
different vendors, it may not be. 
You may need to fiddle with the 
net list to make it compatible. 

5. Unless it’s a very small 
board, use paper, pencil, and scis- 
sors to do a first-pass layout. It 
really helps to see the flow of the 
entire board. Even on a moder- 
ate-size board, reference designa- 
tors will be too small to read 
when viewing the whole image. 

By adequately planning from 
the beginning, you'll be able to 
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accurately determine whether 
you can design the circuit in two 
or four layers. Although most 
software makes reasonable provi- 
sions for adding layers, you'll 
want to avoid this if at all possi- 
ble. You may need to plan differ- 
ent pad sizes for each layer at the 
time you are creating the library. 
It is an annoying task to redefine 
the pads for each part in the mid- 
dle of a job to accommodate a new 
layering structure. 

Establish a notebook of perti- 
nent data for each job you start. 
You'll find it extremely useful 
when designing similar boards 
later. 

The following is a list of data 
you'll find helpful to have on 
hand: 

e Brief description (or some- 
times a drawing) of the lay- 
ering structure; you'll find 
this especially important 
when dealing with multiple 
planes. Your characteriza- 
tion should also describe 
positive, negative, and 
composite Images. 

e@ A table of layer numbers 
and descriptions. Most soft- 
ware is Set up in user-defin- 
able layers. Decide and re- 
cord which layers you'll be 
using for component-side 

and solder-side traces, 
power and ground planes, 
and solder-mask, fab/drill, 
and silkscreen information. 

e A table of part types, asso- 
ciated decals, and pad infor- 
mation for all parts used on 
this board. If you develop 
your own list of desired pad 
sizes, drill-hole sizes, and 
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Careful design preplanning enhances productivity 


naming conventions, you'll 
find it much easier to check 
or change the parts as 
needed. 

@ Other, software-specific, in- 
formation. For instance, 
some programs allow you to 
use macros, which may be 
specific to a board, or let 
you save a board outline 
separately from the rest of 
the job for easy retrieval 
later. 


Backing up data 

A good habit is to save your 
data in such a way that it is easy 
to reference. One method is to 
use a table that includes the date, 
file name, and a description every 
time you save the job. Keep this 
information in the same book as 
the above job data. 

It is important to save different 
stages of your work under differ- 
ent file names. Not only does it 
prevent you from overwriting a 
file with bad data, but it allows 
you access to important stages of 
your work later on. You should 
be able to go back to a certain 
point in your design and start 
again if necessary. You might 
find this data useful if you want 
to make major modifications at a 
later date, or if the same board 
and power/ground scheme proves 
feasible for a future project. 

Finally, don’t forget to save 
your data on a floppy disk at least 
a few times during the job. 
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pad information to define your own thermal pads. In 
most other cases, you should be able to devise a method 
of splitting the plane, no matter what software package 
youre using. 

You can extend the idea of split or multiple planes 
even further and, in specific designs, you may be forced 
to. For example, consider a pe board that splits up a 
plane layer and requires signals on the same layer. 
As long as you can define an area of relief from the 
ground plane, and route traces in that area, you won’t 
have much to worry about. First set up your computer 
with two layers (trace layer and relief layer). On the 
relief layer, define a copper area large enough to con- 
tain all the routed traces of the trace layer. When you 
make the negative image of the relief layer, the copper 
will become the relief area and therefore you won't 
have to create individual relief traces. Combine these 
two layers to make the composite image. You'll have 
to do manual checking to ensure that the signal traces 
are far enough away from the ground plane area. 

As you experiment further with analog pc-board de- 
sign, you'll discover other possible combinations of sig- 
nals and grounds. Don’t forget, however, that many 
PC-based CAD packages weren’t designed to allow 
these permutations of signals. Therefore, when you 
do devise an unusual layout technique, make sure you 
allow plenty of time for careful checking before the 
photoplotting or final artwork generation begins. 
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We build our 
temperature probes 
precisely for 

your application. 


We build our temperature probes to fit your ap- 
plication precisely from: 


41 standard packages 
17 standard lead styles 
12 standard lead materials 
9 standard thread sizes 
11 standard connectors 
6 standard assembly materials 
58 standard thermistors with interchange- 
abilities from +0.2°C to +0.05°C 


And if none of our standard options meets 
your needs, we'll make a custom probe from your 
drawing. Send for our catalog. Or call YSI toll- 
free at 800 343-HELP (or 513 767-7241). 


YSI Incorporated FRHEF 
Yellow Springs, si arte USA YSE 
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Introducing SDT III SDT Timesavers eos 


Need to print your 


OrCAD/SDT set the standard for low- Check out the following timesavers from documentation or a report? Besides 
cost PC-based schematic capture. Now SDT Ill. They'll enhance your supporting all leading printers and 
comes SDT III to make the best even productivity while providing maximum __ plotters, SDT III provides you with 
better. New feature enhancements and flexibility for your design tasks. source code to develop your own 
advanced schematic capture © Lib ? A700 read 4 printer/ plotter drivers. You can even 
capabilities give you the power of an teh a hod eee Stes ae customize your output with your choice 
engineering workstation on your PC parts of template dimensions, text or 

e Object Editor for custom-created worksheet sizes. 
Intuitively Simple parts 


cee a 
Pop-up menus, full English commands, * Part rotation/ mirroring An d S till 
¢ More than 100 keyboard macros eee 


& a logical progression of steps - - all 

designed to mirror your own intuitive Rubberbanding of wires & buses ( 
approach to design and simplify the User-defined text /object sizes A f f d b ] 
learning process. OT a e e 
Yet, SDT III has the power to let you Schematic Captur e& Beyond! Bet IOGey 108 Yate ere SESE. 


create and manage complex designs, The benefits of SDT III extend beyond ‘ ae: 
The program's unique hierarchical schematic capture. For example, you r 
approach lets you organize very large 


can transfer the finished schematic data 


oe into ae ee to other design programs in your system Systems Corporation 
manageable parts. With over such as board layout and analog or 
hierarchical levels, even complex gate digital simulation. SDT III provides over Pee = se 
array designs are possible. 20 netlist formats, including EDIF. : 5 


(503) 640-9488 


Contact your local OrCAD repre- 6. NE,KS,IA,MO 2 * | 
sentative for further information Walker Engineering, Inc. 
(913)888-0089 
1. WA, OR, MT, ID, AK Po Te OR AR EA 
Seltech, Inc. Abcor, Inc. 
(206) 746-7970 (713)486-9251 
2. N.CA, Reno NV 8. MI, E.WLIL 
Elcor Associates Inc. Cad Design Systems, Inc. 
(408) 980-8868 (312) 882-0114 
Be Go. CA 9. IN, OH, KY, WV, W. PA 12. MS, AL, GA 
Advanced Digital Group Frank J. Campisano, Inc. Electro-Cadd 
(714) 897-0319 (513) 574-7111 (404) 446-7523 
15. BC, AB, SK, MD 
4. Las Vegas NV, UT, AZ,NM,CO_ 10. TN, VA,NC,SC 13. E. PA, NJ, NY, DE, MD, DC Interworld Electronics & 
Tusar Corporation Tingen Technical Sales Beta Lambda, Inc. Computer Industries, Ltd. 
(602) 998-3688 (919) 878-4440 (201) 446-1100 (604) 984-4171 
5. ND,SD, MN, W. WI jt FR: 5, 14. CT, RI, MA, VT, NH, ME 16. ON, PQ & Maritimes 
Comstrand, Inc. High Tech Support DGA Associates, Inc. Electralert, LTD. 
(612)788-9234 (813) 920-7564 (617) 935-3001 (416) 475-6730 
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Polyimide (Kapton®) insulation, meeting © 
he requirements of MIL-C-49059A. 
Dperating temperatures to 150°C. using 
P-Teflon®, 100°C. with modified acrylic. 


at or round conductors, any lengths, : 
ustom-stripped to your requirements. Ff, 
Pretinned for direct PWB insertion or assembled ~ 
ith a variety of pins and connectors. 


ae 


1 to 200 conductors, 
same or varied widths, 
thicknesses, and spacings. Wide choice of 
onductors, insulating materials, and shielding. 
ualified to UL Style 2643 and 20134. 


Custom-designed signal, power, 
and signal/ power combinations. 
Current carrying capacities from 
microamps to amperes — up to 40 amps. 


Extensive in-house 
fabrication and 
assembly capabilities. 
All of our solderers 
are military-certified. 


3 : 5 { 4 
: ] $B git at a : - se J 
rae € TF & Ce | = 

P ae » Sieh Gad § gy L { » de Gate Gp 


A reg , & 

aC ee Ge > ge > @ ga @ 2 A —y 
SB 1 ee 1 :& . Bett 1 : 
y } 4 > ae L L + 2 | » eile y { q » ® 


Select any size and number of conductors, round or 
flat. Wide choices of insulating and conductor materials. 
Shielded or unshielded. Many jumper configurations. 
Cable terminated with flex circuits, connectors, PWBs. 
All made in our plant, from prototypes to high volume. 
Use Parlex flat cable, flex circuits, multilayers, PWBs, 
thick-film hybrids, or combinations of each to reduce 
costs and simplify packaging. Increase compactness 
and reliability. Save on assembly and testing. 
Questions? Phone us. Our 
é 


interconnection specialists 
have the answers. Parlex 
Corporation, 145 Milk St., 
Methuen, MA 01844, 

Tel: 508-685-4341, 

FAX #508-685-8809. 


arlex 


CORPORATION 


* Kapton and Teflon: Reg. TMs Du Pont Company CIRCLE NO 195 


To EDN readers, for consistently votin 
EDN your favorite electronics 
publication. 


From the staff of EDN 


The High Performance 


Gigahertz Relay 


¢ RF switching through 4 GHz 
¢ Magnetic latching cuts power drain 


¢ Convenient Centigrid® package 


¢ Military and commercial versions 


The TO-5 family of relays 
were always good in RF switching 
applications. We didn’t plan it that 
way. It just happened. Low inter- 
contact capacitance. Low inser- 
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 


experience and innovation was 
equal to the task. We married our 
two decades of TO-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able td extend the relay’s 
performance from the MHz range 
to the GHz range. And handle RF 
switching functions all the way up 
to 4 GHz. With intercontact isola- 


tion even higher and insertion loss 
even lower than in the MHz range. 
The high performance 

gigahertz Centigrid relay. It will 
handle your toughest RF switch- 
ing assignments, especially when 
power drain is critical. Call or 
write today for complete details. 


“g@ TELEDYNE RELAYS 


Innovations In Switching Technology 


Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 ¢ (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 
Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe, 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 
UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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EDITED BY CHARLES H SMALL 


Pseudorandom sequencer simulates flicker 


Andrew K Dart 
Andy’s Bureau of Standards, Duncanville, TX 


The pseudorandom sequencer in Fig 1 drives a solid- 
state relay. If you power a low-wattage lamp from the 
relay, the lamp will appear to flicker like a candle’s 
flame in the wind; using higher-wattage lamps allows 
you to simulate the blaze of a fireplace or campfire. 
You can enhance the effect by using three or more 
such circuits to power an array of lamps. 

The circuit comprises an oscillator, IC), and a 15- 
stage, psuedorandom sequencer, IC9_4. The sequencer 
produces a serial bit stream that repeats only every 


10 TO 500 Hz 


0.68 pF 


NC ; : = 


32,767 bits. Feedback from the sequencer’s stages 14 
and 15 go through IC4p and back to the serial input 
of ICo. Note the RC network feeding IC4c; the network 
feeds a positive pulse into the sequencer to ensure 
that it won’t get stuck with all zeros at power-up. The 
leftover XOR gates IC44 p, further scramble the pat- 
tern. The serial stream from [C,4p drives a solid-state 
relay that features zero-voltage switching and can han- 


dle loads as high as 1A at 12 to 280V ac. EDN 
To Vote For This Design, Circle No 747 
5 
180 TO 360 U 1A 
fr, FUSE 


INCANDESCENT (\ 
LAMP ad 


g & 
NEUT HOT 


AC LINE 
12 TO 280V 


Fig 1—This pseudorandom sequencer can produce a realistic flickering in incandescent lamps that is similar to the flickering of a flame 


in the breeze. 
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~_ next generation FETM 
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Regulator manages battery depletion 


Robert Dobkin 
Linear Technology Corp, Milpitas, CA 


Powering electronics from batteries poses special prob- 
lems for power-supply designers. The circuit in Fig 1 
automatically shuts down when the supply’s output 
voltage begins to fall out of regulation range and auto- 
matically restarts when the battery recharges, without 
the annoying chatter or intermittent operation that 
some battery regulators can exhibit. Its quiescent cur- 
rent is ~60 pA, and it can deliver 125 mA. The refer- 
ence voltage at Pin 4 is 2.5V, and it can source or sink 
as much as 1 mA; you can use this pin as a source of 
power for keep-alive circuitry. 

This circuit provides better performance than cir- 
cuits whose shutdown circuits merely sense the bat- 
tery’s voltage. Because such circuits sense the bat- 
tery’s—and not the supply’s—output voltage, they can 
shut down prematurely while the battery still has some 
energy left. In addition, such circuits fail to take into 
account the ability of a battery’s voltage to recover 
partially after its load is removed. This effect can cause 
a battery-monitoring shutdown circuit to erroneously 
switch the power supply back on. 

The circuit in Fig 1 takes advantage of the LT1020’s 
dropout detector to shut itself down. The dropout de- 
tector has no output until the IC’s series-pass output 


R Ro 


1 
1.5M 1M 


LT1020 


Cy 
of 0.047 pF 


transistor actually starts to saturate. The circuit also 
uses the IC’s built-in comparator to turn on the output 
only when the regulator’s input voltage is 2.5V higher 
than its output. 

Resistors Rs and Rg set the output voltage. The 
values shown in Fig 1-are for a 5V nominal output. 
Capacitor Co provides frequency compensation for the 
output. R; and Ro sense the input voltage for the 
inverting input of the comparator. During start-up and 
normal operation, the npn output of the comparator 
saturates, and no current flows from the pnp output 
at Pin 5. Positive feedback through Rg latches the 
comparator. As the input voltage sags under load, the 
regulator IC’s output transistor eventually saturates, 
and current flows from the dropout detector, Pin 13, 
into the noninverting input of the comparator. 

This current forces the npn section of the comparator 
off and the pnp section on. The current from Pin 5 flows 
into Pin 11 and turns off the output of the regulator. 
Because no current flows through the npn portion of 
the comparator, the reference voltage applied to Pin 
7 increases, and the comparator stays latched. These 
results keep the circuit’s output off until the input rises 
2.5V above the required output. EDN 
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2 
1 


0.001 pF 
5 


Fig 1—This battery-powered regulator circuit shuts itself down when the battery is depleted and doesn’t resume supplying power until 


the battery is recharged. 
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Routine extends multiply instruction | 


Donald E Powers 
Cardinal Microsystems, Marion, MA 


Unlike many single-chip pPs, the 8051 family has a 
multiplication instruction, MUL AB (multiply accumu- 
lator, A, by register B with the high byte of the result 
in B and the lower byte in A). Even when you must 
multiply numbers larger than 8 bits, using this instruc- 
tion saves a great deal of time over the traditional 
add-and-shift method. The routine in Listing 1 accom- 
plishes 16 x 16-bit multiplication. 

Two registers, R4 and R65, hold the upper and lower 


byte of the multiplicand; two other registers, R6 and 
R7, hold the multiplier. The results return in R4 
through R7 with R4 holding the highest byte. 

You may specify any register bank you wish. Be- 
cause the routine needs only six stack locations for 
temporary storage of partial products, the routine 
changes only the contents of the accumulator, A, and 
register B. You can save A and B on the stack in order 
to retrieve their values later if necessary. Because the 
routine makes no checks for zero or partial zero results, 
its code is kept to a minimum and the routine’s run-time 
is constant. 


LISTING 1—16-BIT MULTIPLY ROUTINE 


ORG OFOOH 
GrOO fa. MULIG: MOV A,R6 ;Do highest partial 
ORO 60 FO MOV B,R4 product first. 
DP03 44 MUL AB , 
OFOS CU FO PUSH B sRGOARG Hi 
OFO6 CO EO PUSH ACC >RO*R4 Lo 
OFO8 EE MOV A,R6 
OFO9 6D FO MOY  B,k5 
OFOB A4 MUL AB 
OFOG CD F&O PUSH BE *ROTRS Hi 
OFUE CO EO PUSH ACC sKO#E5 Lo 
OFIO EF MOY A,R? 
OFil aC FO MOV 5,84 
OFiS Aa MUL AB 
OFi4a (©€oO FO PUSH B SRI*=R4G Hi 
OF16 €O EO FUSH ACC 727 *R4 Lo 
UFIG EF MOV A,R7 
OFiO 38D FO MOV &,h5 
OFIB Ad MUL AB - - 
OFFIC FF MOV 87,4 . = 87°85 Lo -> 27 Product 
OFID 83 CLR oC 
OFif §O FO POP ALC 3R7*R4 Lo + 
OF20 25 ADD A,8 sR/*25 Hi 
OFZ2 FE HOY. R6,A *-> 26 Partial Product 
OF23 DO EU POP ACC sR/e Rha i 
OF25 G4 00 ADDG A,#0 s+ any previous carry 
OF27 FD MOV RS,A $-> RO Partial product 
OFZ8 §4 CLE OA 
OF29 34 00 ADDC A,#0 *-> R4 Partial produce 
OF2> pO EO POP ACC sR6*=R5 Lo 
OF2D 25 ADD A,&6 54256 Partial Product 
OF2e &E TOV 86.4 s-> FO Product 
O28 bO 20 POP A sROERS Hi 
OFSi 30 AUDC ARS ;+85 Partial Product 
OF32 FD MOV RS,A s=> KO Partiel Product 
Or3o EC MOV A,24 — 384 Partial product 
OSG 34 00 ADOC A,#00 ;+ any previous carry 
USO FC MOV R4,A 37> 84 Partial Product 
DES 20 EO “POP A 326"R4 Lo 
OFS? 2b ADD A,RS $t55. Partial product 
DESA FD POV 25,A 3 > RS Product 
OFS0 PO £O POP ACC TROFR4 8a 
DPS) 3C ADDC AR s+ 84 Partial product 4+ C 
OF3E FC MOV R4,A ;-> R4& Product 


OFF 22 RET 
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de to 2000 MHz 
amplifier series 


SPECIFICATIONS | Unbelievable, until now...tiny monolithic wide- 
MODEL FREQ. 00 B00 min MAX NE BRICE $ band amplifiers for as low as 99 cents. These rugged 
Miz Mba Megane) Sem y 0.085 in.diam.,plastic-packaged units are S0ohm* 
MAR-1 DC-1000 185 155 — 130 0 50 099 (100) input/output impedance, unconditionally stable 
MAR-2 .DC2000 = 19.125 11. 85° 48 - GB 1.50. (25) * 
Mares pedis ds tae ose as ee oo regardless of load’, and easily cascadable. Models 
MARA <DC1000 82.80. = TO ase 26 4:00 ee) in the MAR-series offer up to 33 dB gain, 0 to 
Pe ee ek ees la te ee peewee +11dBm output, noise figure as low as 2.8aB, 
2 = + | (25) - | 
MARB 61000. 38 9 23." —. “49 410° 85-3220 (25) ae up to DC 2000MHz bandwidth, 
Input/Output Impedance is not 50ohms, see data sheet. 
NOTE: Minimum gain at highest frequency point and over full temperature range. Stable for site Nip e impedance VSWR less than 3:1 
© 1dB Gain Compression 
1 +4dBm 1 to 2 GHz Also, for your design convenience, Mini- Circuits 
offers chip coupling capacitors at 12 cents each.t 
designers ante kit Dee eee 
‘) Tolerance A rll eb ies Value 
7 = AHS. 
o of each model, total 35 amplifiers ah 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf 
sf 80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
Yount only $59.95 120 x 60 10% X7R 022, .047. .068, .iuf 
7 Minimum Order 50 per Value : 
color dot 3 
sex Mere finding new ways... 
Setting higher standards 


ce [I Mini- Circuits 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 : C113-Rev. D 
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The routine uses this algorithm: 


| R4 R5 
* R6 R7 
R7*R5 Hi  =R7*R5 Lo 
R7*R4 Hi  =RT7*R4 Lo 
R6*R5 Hi  R6*R5 Lo 
R6*R4 Hi = R6*R4 Lo 
R4 R5 R6 R7 


Note that the routine does MUL AB in reverse order 
with the most significant bytes first. This order puts 
the partial products on the stack in a way that eases 
adding partial products later. EDN 
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Spice2 routine simulates switch 


Henry Valker 
Sundstrand Aviation, Rockford, IL 


You can simulate the simple switch of Fig 1 using 
Spice2’s “poly” nonlinear, dependent source. Possible 
applications for this simulated switch include stress 
testing (causing shorts at various points in the circuit 
and determining their effects), and discharging a ca- 
pacitor. Fig 2 shows the switch’s Spice2 equivalent 
circuit, and Listing 1 shows the actual Spice2 model. 
Two voltages control the nonlinear dependent source, 
E, in the switch’s equivalent circuit; hence the term 
for such a dependent source is “poly.” 

A pulse-voltage source, Vp, controls the opening and 
closing of the switch; a second control voltage, V2 3, 
which develops across Rg, is a compensating factor 
that allows the combination of the dependent source 
E and R¢ to act like a switch. The equation that defines 
the dependent source is 


p0 + pl*V(2,3) + p2*V(4) + p3*V(2,3)*” 
+ p4*V(2,3)*V(4). 


CoS 


where p0 through p4 are the gain constants that Spice2 
requires you to select. Setting pO=1, pl=—1, p2=0, 
p3=0, and p4=1 reduces this equation to: 


Fig 1—You can simulate this switch circuit with a Spice2 model. 
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LISTING 1— SWITCH SIMULATOR 


SWITCH , 
“V1 10 SIN OV 10V 90KHz 


R112 100K 

£30 POLY(2)23400 
VP 4.0 PULSE OV 1 
RP 401K 


SWITCH S, 
EQUIVALENT 
CIRCUIT 


VP 
SWITCH 
CONTROL 


Fig 2—This Spice2 model is the equivalent circuit for the simple 
switch in Fig 1. 


EDN October 27, 1988 


Number 16 in a series from Linear Technology Corporation 


October, 1988 


Switched-Capacitor Low Pass Filters for Anti-Aliasing Applications 


Richard Markell 
Nello Sevastopoulos 


INTRODUCTION 


Many signal processing applications require a front end low pass fil- 
ter to bandwidth limit the signal of interest. This filter is often crucial 
to the system designer since it determines the number of bits which 
the system can resolve by its noise and dynamic range. Until now, the 
designer rejected the use of switched-capacitor filters as being too 
noisy, having too much distortion, or because they were not usable at 
a high enough frequency. The LTC1064-1 8th order Cauer filter can 
compete directly with the discrete operational amplifier design. Not 
only that, but the cost and performance advantages are tremendous. 


The LTC1064-1 is a complete 8th order, clock tunable Cauer (also 
known as elliptic) low pass switched-capacitor filter with internal thin 
film resistors. The passband ripple is +0.1dB and the stopband 
attenuation at 1.5 times the cutoff frequency is 72dB. The device is 
available in a 14-pin DIP or 16-pin surface mount package. 


The LTC 1064-1 boasts internal thin film resistors factory adjusted to 
optimize the Cauer 8th order response. The LTC1064-1 attains wide- 


band noise (2kHz-102kHz) of 150:Vays and a total harmonic distor- 


tion of 0.03% for Vin =3Vpus. No external components are required 
for cutoff frequencies up to 20kHz. For cutoff frequencies over 20kHz 
two small value capacitors are required to maintain passband 
flatness. 


By way of comparison, older switched-capacitor filters had noise in 
the millivolts, THD in the percents, and maximum corner frequencies 
limited to <20kHz. 


This note compares the performance of the LTC 1064-1 8th order Cauer. 


filter with internal thin film resistors to that of the equivalent filter 
built with operational amplifiers. The LTC1064-1 quad switched- 
capacitor filter competes favorably with op amp RC designs in most 
parameters of interest to the designer and wins easily when printed 
Circuit board space is considered. Since it is tunable, the LTC1064-1 
can replace not just one, but many op amp RC designs, if multi-fre- 
quency filtering is required. The specification comparisons become 
even more favorable to the LTC1064-1 as the frequencies become 
higher. 


COMPARING THE LTC 1064-1 WITH RC ACTIVE FILTERS 
UTILIZING OPERATIONAL AMPLIFIERS 


Performance 


The Cauer filter has target design specifications as follows: a cutoff 
frequency of 40kHz, +0.05dB passband ripple and a - 72dB attenua- 
tion at 1.5 times the cutoff frequency. This filter is realized with stop- 
band notches and it is considered a quite complex and selective filter 
realization. Figure 1 details the frequency response of this design. 


An 8th order active RC was designed using a fully inverting state vari- 
able topology. This topology is considered “state-of-the-art” for active 
filters since all non-inverting inputs of the op amps are grounded. The 
discrete active RC version of the Cauer filter is quite complex requir- 
ing 16 op amps, 31 resistors and 8 capacitors. The op amps used for 
this comparison were TLO84 quad FET input amplifiers. The circuit 
topology was optimized to yield the maximum useful input voltage 
Swing. 


Test Results 


Figure 1 shows the frequency response of the LTC1064-1 connected 
as shown in Figure 3. The shape of the frequency response of the ac- 
tive RC state variable filter was very similar and its differences cannot 


PL TTT | Y= ig 
ne 00 
Se 
ee 


Vout/Vin 


AMPLITUDE (dB) 


10 20 ~=40 100 = =200 
INPUT FREQUENCY (kHz) 


Figure 1. LTC 1064-1 Frequency Response 


be easily shown here. Figure 2, curve (a), details the TL084 state vari- 
able filter response near the 40kHz cutoff frequency. Laboratory 
“tweaking” of resistor values could not produce any better response 
than shown here. This is a passband ripple of approximately 


(a): TLO84 FILTER 
RIPPLE ~ +0.45dB 


ae 

(b): LTC1064-1 FILTER 2 SS 

RIPPLE ~-0.150B ee 
Se 


40kHz 


65kHz 


Figure 2. Passband Ripple 


+ 0.45dB. For comparison, the LTC1064-1 passband ripple is +0.15dB 
as shown in Figure 2, curve (b). This is for a clock to center frequency 
ratio of 100:1, or a 4MHz clock. The measured filter amplitude re- 
sponse at 1.5 times the cutoff frequency for the TL084 active RC filter 
was about - 65dB while that of the LTC 1064-1 was - 68dB. The noise 
for the TLO84 state variable implementation was 111nVpys while that 
for the LTC1064-1 was 145yVanys. Second harmonic distortion mea- 
surements were also made on both filters and they are included on the 
Summary chart, Table 1. 


Table 1 compares the LTC 1064-1, the switched capacitor implementa- 
tion of the 8th order Cauer low pass filter, to the active RC. Both cir- 
cuits operate with dual + 7.5V supplies or a single 15V supply. 


System Considerations 


Not only does the LTC1064-1 compare favorably on individual speci- 
fications, but it wins easily when system considerations are 
evaluated. Suppose four sharp cutoff frequencies are needed. The 


Table 1. 8th Order Cauer (Elliptic) LPF with a 40kHz Ripple Bandwidth 


WIDEBAND 
#EXT | #EXT | #EXT NOISE, 
OP AMPS|R’s, 1 a = 5% eee Rms! 
RC  : 
TL084 114pV 


~ LTC1064-1 


Note 1: An output inverting buffer (LT118) was used for driving cables 
during measurements. 

Note 2: To obtain the +0.45dB ripple for the TL084, 3 resistors were 
trimmed. 


DISTORTION 
Vin= oe 3Vems 


— 87, -87 


See see eee 


closest active RC solution is a 7th order single cutoff frequency Cauer 
filter. Four of these non-tunable devices (each a 2” x 3” hybrid) would 
be required for the four cutoff frequencies. This would be 24 square 
inches of PC board space. The discrete approach using operational 
amplifiers requires even more space. Since the LTC 1064-1 is tunable, 
four frequencies can be selected merely by tuning the clock to the 
LTC1064-1. A complete LTC 1064-1 system with tunable clock is esti- 
mated to occupy only 4 square inches of board space. This is a whop- 
ping savings of 6 times in board area. The LTC 1064-1 wins easily in 
this category. 


SUMMARY 


In summary it can be seen from Table 1 that the LTC 1064-1 is the equal 
of the active RC filter. In the pure specification battle there is no clear 
winner, but when the amazing difference in hardware complexity, the 
full clock tunability and the simple method of application of the 
LTC1064-1 device are all considered it is the sure winner. 


Figure 3. The LTC 1064-1, Monolithic 8th Order Cauer Low Pass Filter 
Operating with a 4MHz Clock and Providing a 40kHz Cutoff Frequency 


Vos MEASURED 
OUT | Igyppry | ATTENUATION | PASSBAND 
x = SS oe TRIMMING? 


a 


a 45dB 


Note 3: The output offset voltage numbers are as measured by DVM 


with the input of the filter grounded. 


Note 4: Measurement BW (2kHz-102kH7). 


For literature on our filter products, call 


800-637-5545. For help with an application, call 
(408) 432-1900, Ext. 361. 


Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 
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EK = —V(2,3) + V(2,3)*V(4). 


Now you can see how Vp controls the action of the 
switch. When Vp=0, E=—Vo3, which is equal and 
opposite to the voltage across Ry». Thus, the two volt- 
ages cancel each other out, and node 2 is effectively a 
virtual ground. In this state, the model simulates a 
closed switch. 

When Vp» switches to some large voltage, the voltage 


0.000026 


0 


1 
5 
0 
-5 
—10 
0 0.00005 
TIME (sec) 
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Fig 3—Using the intervals specified for Vp in Listing 1 to gate a 
sine wave on and off produces this waveform. 


at E opposes that of V; and decreases current flow. 
Forcing Vp to be very large causes the loop current 
flowing through R, and Rg and the voltage sources to 
be very small. This state simulates an open switch. 
Although the 1000-kV term in Vp’s definition in List- 
ing 1 might at first appear to be overpowering, the 
model never actually sees such high voltages because 
FE, depends on both Vp and the voltage across Rg. The 
voltage at node 2 is exactly that of node 1 in the open- 
switch state. Fig 3 shows the waveforms that result. 
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RS-232C transmitters 
power LEDs 


John Marszalek 
Denro Labs, Gaithersburg, MD 


You can use a pair of Maxim’s 5V-powered MAX231 
RS-232C transmitters as drivers to obtain a 2-color 
LED. The transmitters require only a single-ended 
5V input to generate +10V internally. Their outputs 
are short-circuit-proof and can supply as much as 10 
mA—enough to drive most LEDs. Depending on which 
LED you select, their current-limiting feature may also 
eliminate the need for external series resistors. Using 
the simple circuits in Fig la and 1c, you can implement 
a variety of functions. EDN 
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*—_VALUE DEPENDS UPON 
LED USED. MAY NOT 


(a) BE REQUIRED. 


OVERRIDE 
INPUT 


(c) 


Fig 1—The simplest circuit, (a), lights one LED or the other. The 
circuit in b allows you to light one, the other, or neither, while c 
provides an override function. 
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DESIGN IDEAS 


Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title Phone 


Company 


Division (if any) 

Street 

pS oe ene ey a Zip 
Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


ISSUE WINNER 


The winning Design Idea for the August 4, 1988, issue 


is entitled ““Thermistor measures respiration rate,’ sub- 
mitted by Ricardo Jimenez-G of San Diego State Univer- 
sity (Calexico, ae 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


Advanced Offers 
A Whole New World Of 
Interconnections 


Molded Body DIP Sockets 


3 Heights Above Board 


095 


Peel-A-Way™ DIP Sockets 


4 Heights Above Board 


SSS 


Molded Body PGA Sockets 


1.75 oz. & 2.5 oz. Average Insertion Force 
3 Heights Above Board 


SISA IGS S/ NNS] SAT: S 


Low Profiled carey Low@ Ultra Low 2 


—Peel-A-Way™ PGA Sockets 


1.75 oz. & 2.5 oz. Average Insertion Force 
4 Heights Above Board 


i) : 
WEA INNA T.SSIKC HS ; 


Decoupling Capacitor 
DIP Sockets 
4 Heights Above Board 


Decoupling Capacitor 
PGA Sockets 
4 Heights Above Board 


~ Super Low Y Ultra Low 
.120 095 


ADVANCED 
INTERCONNECTIONS 


5 Energy Way, West Warwick, Rhode Island 02893 
Tel. 401- ae 5200 * FAX 401-823-8723 * TWX 910 2403454 
ee us at Wescon/Booth #’s 3189 and 3191 


ADVANCED IDEAS GIVE YOU AN EDGE. 
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SIGNETICS NATIONAL MMI AMD Tl CYPRESS 
20, 24, 28 PINIFLS § 20, 24 PIN PLDS 20, 24 PIN PLDS 20, 24 PIN PLDS 20, 24 PIN PLDS 20, 24 PIN PLDS 
PLS100-179 | A,BVERSIONS , C22V10,32VX10 , 2388,22V10 . B,C VERSIONS | 20G610,22v10 | 
i ba B,C, D VERSIONS, 2971, 29PL141 i i EPLD, PLD | 
ICT/GOULD VTi HARRIS | ALTERA INTEL RICOH 
148CV8 146V8, 20V8 20 PINCMOS HPLS £P300, 310, 320,600, 5C031,032,060 = 20 PIN EPLD 
EEPLD j EEPLDS 77153 HPL EP900, 1210, 1800 | 5C090, 121, 180 | 
i i i | DIP, PLCC EPLD | DIP, PLCC EPLD i | 
LOGILINK SOFTPACK FUTURE OVER 200 : PRELOAD RS-232C 
FOR PC EASY REPLACEABLE = DEVICES AND PLDS WITHOUT AND REMOTE 
ae CONTROL ee FIRMWARE i TECHNOLOGIES \ ADAPTER i TEST VECTORS \ CONTROL i 
SUPPORTS  $JEDEC FORMAT ON BOARD ON BOARD SECURITY FUSE 
_ 20TO68PIN ~ SUPPORT _ DEVICE LIBRARY HELP SUPPORT 
: _ PLCC PACKAGES : _ \ FUNCTION 


USA: DIGELEC INC. , 22736 Vanowen St., Canoga Park, CA 91307, Tel: 818-887-3755, Fax: 818-887-3693Call Toll t ree 1-800-367-8750 este CA) 
EUROPE: DIGELEC AG DORFLISTRASSE 14, CH-8057 ZURICH, SWITZERLAND, TEL 01-312 46 22 2 "US. Domestic Price 
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NEW PRODUCTS 


A/D CONVERTER 


@ 12-bit resolution 

@ 400-nsec conversion time 
Intended for high-speed commer- 
cial, industrial, and military digitiz- 
ing applications, the MN5249 A/D 
converter features 12-bit resolution 
with no missing codes. The device 
has a maximum conversion time of 
400 nsec, which ensures a minimum 
conversion rate of 2.5 MHz. The in- 
tegral linearity is +0.024% FSR, 
and the analog input range is 
+2.5V. A 38-state output buffer fa- 
cilitates wP interfacing. When used 
with the company’s MN376 track- 
and-hold amplifier, the MN5249 
forms a pair that is capable of digi- 
tizing full-scale 5V signals with 
bandwidths to 1 MHz. The MN5249 
comes in a 40-pin, double-wide, her- 
metically sealed DIP and consumes 
2.5W of power. Commercial de- 
vices, $297; MIL-screened devices, 


INTEGRATED CIRCUITS 


$401.50 (100). Delivery, 12 to 16 
weeks ARO. 
Micro Networks, 324 Clark St, 


Worcester, MA 01606. Phone (508) 
852-5400. 
Circle No 351 


EEPROM 


® Contains 1024 bits of read/write 
memory 
e Has typical access time of 250 
NSEC 
Designed for applications requiring 
as many as 10,000 erase/write cy- 
cles per register, the XL93C46 
holds 1024 reprogrammable bits of 
information. The EEPROM, which 
has a typical access time of 250 nsec, 
is organized into 64 registers of 16 
bits each. You can serially read or 
write information to each register 
by means of a 4- or 8-bit controller 
or a standard wpP. The XL93C46 
features a low-power standby mode 
that reduces power consumption by 
more than 80% compared with an 
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NMOS device. The standby current 
for the XL93C46 is 100 pA; the 
typical operating current is 3 mA. 
In an 8-pin DIP, $1.70; in an 8-pin 
SOIC, $38.26 (100). 

Exel Microelectronics Inc, Box 
49007, San Jose, CA 95161. Phone 
(408) 482-0500. TWX 910-338-2116. 

Circle No 352 


DIGITAL CORRELATOR 


@ Provides 64-bit comparison 

@ Searches 50-MHz data streams 
Designed for applications such as 
image-recognition systems, the 
L10C23 64-bit correlator chip 
searches for a 64-bit pattern in a 
50-MHz data stream in 20 nsec. The 
device compares the 64-bit data 
stream value with the 64-bit value 
being sought and generates a 7-bit 
correlation score to indicate the de- 
gree of match. A 64-bit mask regis- 
ter can disable individual bits. For 
even faster operation, you can pre- 
load a 7-bit threshold value in the 


chip, and a compare-flag output pin 
will indicate if the 7-bit score ex- 
ceeds the threshold value. You can 
cascade any number of L10C23s to 
search data streams for longer pat- 
terns such as 128 and 192 bits. The 
typical power consumption is 5V at 
25 mA. The L10C23 is available in 
three speed ranges and comes in 
either a 24-pin ceramic leadless-chip 
carrier or a plastic DIP. $25 to 
$34.60 (1000). 

Logic Devices Inc, 628 E Evelyn 
Ave, Sunnyvale, CA 94086. Phone 
(408) 720-8630. 

Circle No 353 
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INTEGRATED CIRCUITS 


COLOR PALETTE 

© Supports 1280 X 1024-pixel dis- 
plays 

® Can display as many as 259 
colors 

The Am81C458 color-palette chip 

supports full-page displays and is a 

plug-in replacement for’ the 


Brooktree Bt458 device. Used with 
the Am95C60 quad pixel dataflow 


WHY WASTE 
ENCLOSURE 
SPACE? 


When placed next to your 
disk drives, Dage’s NEW 
13-Slot Backplane provides 
maximum use of space in a 
19-inch rack. 


For maximum power, 
standard input is via press- 
fit, threaded studs (spade 
lugs optional). 


And, to meet your specific 
needs, Dage will customize 


DAGE PRECISION INDUSTRIES, Inc. 
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46701 Fremont Blvd. 3 
Fremont, CA 94538 (415) 683-3930 


manager (QPDM) and video dy- 
namic RAMs, the Am81C458 sup- 
ports graphics displays to 
1280 x 1024 pixels and can simulta- 
neously display 259 colors out of a 
palette of 16.8 million colors. The 
Am81C458 includes an input buffer, 
an input multiplexer, a 256- 
word X 24-bit look-up table, a 4- 
word X 24-bit overlay table, and 


to meet your requirements. 


Dage offers both J1 & J2 
multilayer backplanes 

with the following 
exceptional characteristics: 


OImpedence -600 (+2) 
DO Capacitance- 77 pF (+3) 
Crosstalk -<200 mV 


CIRCLE NO 15 


three 8-bit RS-848A-compatible D/ 
A converters. The device features 
pixel rates to 125 MHz and has a 
typical power dissipation of 1W. 
The Am81C458 comes in either an 
84-pin PGA or an 84-pin plastic 
leaded-chip carrier. In the PLCC, 
80-MHz version, $105; 110-MHz 
version, $112; 125-MHz version, 
$119 (100). 

Advanced Micro Devices, Box 
3453 Sunnyvale, CA 94088. Phone 
(408) 732-2400. 


Circle No 354 


H-BRIDGE DRIVER 


© Has a 7A drive capability 
© Features a 100V breakdown 
rating 
Available in either a hermetic DIP 
or a hermetic flatpack, the PH26450 
is an H-bridge motor driver that 
features a drive capability of 7A and 
a minimum 100V breakdown-volt- 
age rating for all output elements. 
The hybrid needs only 10 mA of in- 
put drive current to provide 4A of 
output load current. The PH26450 
includes four Darlington transistors 
and four fast-recovery (30 nsec) epi- 
taxial rectifiers, which eliminate 
current spikes during turn-on. The 
PH26450 interfaces directly to logic 
control circuits without need of ad- 
ditional buffers. The independent 
power-output stages let you drive 
unipolar or bipolar stepper motors, 
as well as other de motors and sole- 
noids. $62 to $99 (100), depending 
on the temperature range and 
screening option. 

Micro Networks, 324 Clark St, 
Worcester, MA 01606. Phone (508) 
852-5400. 
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Toko switchers have what you need. 


extra bulk and heat when you're 

specifying a low-wattage power 
supply. Toko has the output power you 
need in leading-edge switchers. 


[ene no need to overbuy or add 


With over 250 models in the under 
50-watt category, Toko offers you the 
right switcher at a price that will also 
make the controller happy. Whether 
you're powering Computer peripherals, 
portable devices or other systems where 
space is at a premium, Toko is the name 
to know. 


More high-tech features. 

Because Toko is a low-power specialist, 
we're at the forefront of technology. 

For example, our new MW series offers 
85-264 VAC universal inout and very high 
power densities. All Toko switchers offer 
high-switching frequencies and 
excellent EMI/RFI protection. 


Low power is different. 
The design requirements for a low- 

power compact switcher are as unique 
as your own product needs. Toko’s 30 + 
years of experience in magnetics 
and filtering technology have J 


m ; 
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Need 50 watts of power or less? 
Vy 
yy 


oe SS led to development of switchers that 
VAC INPUT | RATED ack the most clean reliable power 
SERIES | VOLTAGE | POWER fi your available iss ate 
85-132 1 

—15W_ | 


fae 170-264 
Be. 


NO. OF 

NO. OF | STANDARD 

OUTPUTS ae 
aoe 


Toko stays on the job. 
With MTBF over 200,000 hours, 105°C 
electrolytic capacitors, 100% 8-hour 


PU& PS | 85-132/ oN burn-in, and 20% derating of all com- 
110-175/ 1sH ponents, you may never need Our 
170-264 sm 2-year guarantee. Toko dependability 


and commitment to servicing your 
needs give you the lowest cost of 
ownership in the long run. Our prices 


PE&PT | 85-132/ | 15W | 3(PT) 
170-264 1 (PE) 
 50W | 


85-264* | 15W and no-charge options save you 
30W money now. 
50W Ask about our Free Sample Evaluation 


“Automatic (no jumpers required) Program. For a free power supply 


guide and fo discuss your own 
low-power needs, contact Toko 
America, Headquarters and 
Midwest Branch (312) 297-0070; 
East Coast Branch (203) 748-6874; 
Southeast Branch (205) 830-0952; 
West Coast Branch (408) 996-7575. 


| [ta TOKO 


He», TOKO AMERICA, INC. 


| Your strategic partner... 
! | for all the right reasons. 
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INTEGRATED CIRCUITS 


INTERFACE CHIP 


@ Provides asynchronous commu- 
nication 

@ Features six 48-mA outputs 

The PAL22IP6 IPAC (Interface 
Protocol Asynchronous Cell) is a 
programmable logic device that al- 
lows communication between two 
system components that are not 
synchronized to a common clock. 


The IPAC features six edge-acti- 
vated programmable flip-flops that 
store signals on their own rising or 
falling edges, thus eliminating the 
need for a separate clock. The 
PAL22IP6 is a 24-pin PAL (pro- 
grammable array logic) device with 
six 48-mA outputs that can be di- 
rectly connected to most bus 
backplanes. The device has 16 dedi- 


THE BATTERY FOR 


AUTOMATED 
PRODUCTION 


IS NOW 


Actual Size 


It’s called the B-35 mPowerCell™. A CMOS backup bat- 
tery that you can handle just like any other component. It is 
tape mounted for automatic insertion. It can be wave 
soldered. And, it withstands all normal flux cleaning and 


board drying procedures. 


The B-35 has the same reliable Lithium-Iodine chemistry 
that is the number one choice for cardiac pacemakers. A 
performance study of over one million batteries in use shows 
a useful life of more than 20 years can be predicted. 

The B-35 has 35 milliamps-hours capacity. Enough for 
most CMOS backup applications. Although not tape 
mounted, higher capacity models (to 1 amp-hour) are 
available with all the other production advantages of the B-35. 

For more information, call (301) 296-7000, ext. 304. 


CATALYST RESEARCH 


A DIVISION OF MINE SAFETY APPLIANCES COMPANY 
1421 Clarkview Road Baltimore, MD 21209-9987 (301) 296-7000 ext 304 
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cated inputs and a PAL array to 
implement two-level AND-OR logic 
functions. The PAL22IP6 is pro- 
grammable on standard PAL pro- 
grammers, and its design is sup- 
ported by the company’s PALASM- 
2 software. In DIP or PLCC, $13.95 
(100). 

Advanced Micro Devices, Box 
3453, Sunnyvale, CA 94088. Phone 


(408) 732-2400. 
Circle No 356 


DISK-DRIVE ICs 

® Features Read/Write amplifiers 
© Has a pulse detector circuit 
Designed for medium-capacity Win- 
chester disk-drives, the XR-501 and 
XR-511 Read/Write amplifiers pro- 
vide an interface for eight disk- 
drive heads and their controller cir- 
cuitry. The ICs have a programma- 
ble write-current source and a low- 
noise (0.8 nV V VHz) read amplifier, 
and they are fully protected against 
low-voltage power supply faults. 
The XR-8464B pulse detector, 
which is compatible with both MFM 
and RLL clock-encoding schemes, 
is available with pulse-pairing accu- 
racies of better than 0.5 nsec at 2.5 
MHz. Internally, the XR-8464B 
uses ECL logic to minimize current 
transients; the output is fully Schot- 
tky/TTL compatible. The XR-501 
and XR-511 come in PLCC and 
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It Takes An Unbeatable Combination 


To Score A Technica 


| Knockout. 


ZENITH’S STANDARD SWITCHING POWER SUPPLIES—A DEVASTATING 
1-2 PUNCH OF SUPERB FEATURES AT A COMPETITIVE PRICE. 


It took an industry heavy- 
weight like Zenith to put it 
all together. The kinds of 
options and features you'd 
have to pay extra for with 
other manufacturers. Com- 
bined with competitive 
pricing. And even a smaller 
footprint, so you save on 
space, too. 

It all adds up to a full family of technically superior standard switching 
power supplies. And a value you'll find hard to match. Because we’ve outclassed 
the other contenders in every round: 


e CERTIFIED. The Zenith series meets international safety requirements of 
UL 478; CSA 22.2, No. 154; IEC 380; VDE 0806; VDE 0871/B; FCC PART J, 
CLASS B. 


e FLEXIBLE. All outputs are independently isolated, mag amp regulated, and 
adjustable. Outputs 2 and 3 can be widely adjusted between 10 and 15V. to 
meet different equipment demands—at no extra cost! 


e 1988 Estate of Rocco Marchegiano (A.K.A. Rocky Marciano) under license authorization by Curtis Management Group, Indianapolis, Indiana. 


e TOUGH. Exceeds 100,000 MTBF for durable performance. 
e RELIABLE. Comes with 2-year limited warranty, backed by Zenith. 


Output & Voltage Current Ratings 


[4th Output 
Amps | Size 


ian ee ee ee 
volts Veas 
Dias Py in pe (nites) Pn (ies) (eeritas) (Min/Max) | (inches) 
= 475/525 | 35/350 | 10.0/15.5 | 0. oh 0 | 100/55 | 0. my 0 | 475/525 | 0.3/3.0 aos 
a ied 4.75/5.25.| 45/450 | 100/155 | 0. ra 0 | 100/755 | 0. a8 0 | 475/525 | 0.4/4.0 = 0 . 
x 
475/525 | 55/550 | 10.0/15.5 | 1. ri 0 | 100/755 | 1 ra 0 | 475/525 | 0.6/6.0 Ba 


For optional steel cover substitute -C for -N in model number. 


THE QUALITY GOES IN BEFORE THE NAME GOES ON® 


Test it For 90 Days—Free. 
To find out how you can 
qualify, call today: 


1-312-391-8700. 


ZV3 
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INTEGRATED CIRCUITS 
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JEDEC surface-mount packages. 
The XR-8464B comes in a 28-pin 
PLCC and in a DIP package. XR- 
501, $6.35; XR-511, $6.50; XR- 
8464B, $5.85 (1000). 

Exar Corp, Box 49007, San Jose, 
CA 95161. Phone (408) 484-6400. 
TWX 910-339-9238. FAX 408-948- 


8245. 
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ideas clearly. 


professional articles. 


Get your FREE copy of 
EDN’ wniter’s guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 


Turn Good 


Ideas Into 
Good Articles 


With EDN’s FREE Writer's Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don't need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 


Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 


BIDIRECTIONAL FIFO 


®@ Contains two 512 x 9-bit FIFOs 
@ Includes multiplexing logic 

The 67C4701 bidirectional FIFO fa- 
cilitates the exchange of data bidi- 
rectionally between devices with 
different data transfer rates. The 
device provides an asynchronous 
full-duplex connection between two 
CPUs working in a multiprocessing 


mode, or between a CPU and a pe- 
ripheral device. Based on a dual- 
port RAM cell, the 67C4701 con- 
tains two 512x9-bit FIFOs (the 
ninth bit is reserved as a framing, 
or parity, bit), which can be read 
and written to simultaneously. The 
chip includes all necessary control 
and multiplexing logic circuits. A 
byte-detect mode allows a compari- 
son between the value of bytes be- 
ing read and an 8-bit value prepro- 
grammed into the internal register. 
When the specified value is read 
from the FIFO, the device gener- 
ates an interrupt to tell the host 
that a byte detect has occurred. The 
67C4701 is packaged in a 28-pin 
DIP. $42.50 (100). 

Advanced Micro Devices Inc, 


Box 3453, Sunnyvale, CA 94088. 


Phone (408) 732-2400. 
Circle No 358 


BUS INTERFACE 
@ [s a remote terminal interface for 
15538B bus systems 
@ Decouples a CPU from 15538B 
bus transactions 
The MCT83000 is a MIL-STD- 
1553B remote-terminal interface 
that allows 1553B bus transactions 
and a host CPU’s 1553B bus I/O 
operations to take place asynchro- 
nously without significant timing 
constraints. On the processor side 
of the interface, the host CPU has 
continuous access to a 2kx 16-bit 
dual-port RAM, which contains 
validated received 15538B bus mes- 
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Cz! Computers and Communications 


Great graphics off the shelf. 


NECS advanced graphics display controller chip. 


Now there’s a quick, cost-effective versatility, the AGDC outperforms 1 Powerful filling functions with 


way to beat the competition to every other “programmed” chip on tiling patterns for both arbitrary 
market with a leading-edge graph- the market. Higher performance and fixed areas including trian- 
ics system. Just incorporate NEC’s __ flows from four on-chip processors gles, trapezoids, circles and 
Advanced Graphics Display Con- __ that function independently for ellipses. 
troller chip (AGDC) in your work- optimum efficiency. The AGDC 0 Bit BLT including arbitrary-angle 
Station, laser printer or medical supports a 32M-byte memory and slant, rotation, enlarge, shrink 
system. You'll save months of offers an impressive array of and inter-plane transfer. 
programming time, while cutting features, including: XC Bit BLT speed: 32M bits/sec. 
expensive development tools right C1 Supports dual-port memories. 
out of your budget. 0 4K x 4K bit map x 65,536 colors. ; 
The AGDC has all the graphics |127drawing functions with a wide For great graphics right off the shelf, 
capabilities you need — including variety of drawing modes. call NEC. We were first with the 
draw, paint and copy — hardwired (OLine drawing speed: 2 million Graphics Display Controller. And 
into one chip.In overall speed and pixels/sec. we're still plenty quick on the draw. 


For fast answers, call us at: 
Tel:1-800-632-3531. TWX:910-379-6985. Tel:0211-650302. Telex:8589960. Tel: 
040-445-845. Telex:51923. Tel:08-753-6020. Telex:13839. Tel:1-3946-9617. Telex:699499. 
Tel:02-6709108. Telex:315355. Tel:0908-691133. Telex:826791. Tel:3-755-9008. Telex:54561. 
Tel:02-522-4192. Telex:22372. Tel:4819881. Telex:39726. Tel:03-267-6355. Telex:38343. 
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sages or 1553B messages that are 
ready for transmission. Similarly, 
the 15538B remote terminal control- 
ler chip, which is integrated into the 
device, has continuous access to a 
separate 2k x 16-bit dual-port RAM 
containing complete 1553B bus mes- 
sages ready for transmission and re- 
ceived 1553B bus messages. Inte- 
gral control logic performs burst- 


mode transfers of complete 1553B 
bus messages between the two 
dual-port RAMs at appropriate 
times during 1553B bus operation, 
freeing the host CPU of the delays 
that can occur with other remote 
terminal interface devices. The 
MCT83000 is also available with 
4k x 16-bit dual-port RAMs to pro- 
vide separate data buffers for 


wee . 


Variety. For some it is the spice of life. 
At MCE it is a way of life. 

Variety of aptitude, application and 
ability in the development and 
production of custom, semi-custom and 
selected high-quality ICs. That is what 
MCE is all about. 

AS an integrated circuit manufacturer, 
MCE is an industry leader. Since 1977, 
design engineers have relied upon our 
extensive experience and expertise for 
innovative solutions to their often 
complex design and applications 
problems. 


MCE offers one of the broadest ranges 


of high-quality product lines in the 
industry, including our family of 20, 40 
and 80 volt semi-custom arrays and 
smart power ICs. 
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Se carn onion tigen 


From initial design concepts to the 
finished circuit, MCE provides its 
customers with a full range of technical 
services, advanced facilities and proven 
skills. 

At MCE, we offer a variety of 
expertise. In return we receive a variety 
of satisfied customers. 


Sa 


a 


SEMIC 


MCE Semiconductor Inc. 
1111 Fairfield Drive 

West Palm Beach, FL 33407 
Tel: (407) 845-2837 

Fax: (407) 863-8275 


CIRCLE NO 18 


broadcast commands in accordance 
with MIL-STD-1553B notice 2. The 
hybrid device also contains low- 
power 1553B bus transceivers. The 
MCT883000 is available in a 2.375-in. 
square, 90-pin quad in-line package 
or flat-pack. Around $1200 (100). 
Marconi Electronic Devices 
Ltd, Microsystems Div, Har- 
greaves Rd, Groundwell Industrial 
Estate, Swindon, Wiltshire SN2 
5BE, UK. Phone (0793) 727005. 
TLX 444460. FAX 079-372-3348. 
Circle No 359 
Marconi Electronic Devices 
Inc, Microsystems Div, 45 David’s 
Dr, Hauppauge, NY 11788. Phone 
(516) 231-7710. TLX 275801. FAX 
516-231-7923. 
Circle No 360 


DATA RECEIVER 


® Works with line lengths to 6000 
feet 
@ Accepts RZ and NRZ data for- 
mats 

The LIU-01 is a high-speed serial 
data receiver capable of operation 
on line lengths of 0 to over 6000 
feet. The IC accepts both RZ and 
NRZ data formats and is suitable 
for ISDN and high-speed LAN ap- 
plications. The LIU-01 internally 
separates the data and transmitted 
clock of the incoming signal and pre- 
sents both as TTL/CMOS outputs 
for direct interface to wP-based sys- 
tems. The IC provides automatic 
compensation for variable transmis- 
sion line lengths at data rates to 
4M bps. Communication equipment 
using the LIU-01 can interface di- 
rectly with T1, T148, and T1C 
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Omron reveals 

a full spectrum of 
high performance, 
high reliability 
photomicrosensors. 


D.awing upon our expertise with large optical electronic technology to solve your 
OEM’s, Omron offers a new generation of pho- design challenge. 

tomicrosensors—from industry standards to 
custom-designed, self-contained units. The 
expanding line of Omron precision photomicro- 
sensors includes subminiature, snap-in, small 
and wide apertures, and other multi-purpose 
models to optimize machine performance ina 
variety of applications. 


When you select an Omron photomicrosensor, 
you are assured of the highest caliber of service 
and reliability. From consistent product quality 
to on-time delivery, Omron is committed to 
excellence in every phase of our operations. 
With expertise in the worldwide electronics 
arena, we've built our business around one 
Omron high performance, high reliability pho- thing—customer satisfaction. 

tomicrosensors are the critical compo- 
nents in a host of innovative products, 
including facsimile machines, test 

and measurement devices, med- 

ical diagnostic instruments, 
security systems, vend- 
ing machines, and 
office automation 
equipment. What- 
ever the applica- 
tion, Omron’s 
expanded line of 
photomicrosensors 
utilize the latest in 


Whether you're a specialty equipment manu- 
facturer oran OEM, you'll appreciate the 
ready availability of Omron precision pho- 
tomicrosensors. Many are in stock 
and ready-to-ship from your local 
Omron distributor. Contact one 
of our distributor outlets today— 
and put Omron’s responsive 
innovation to work for you. 


Call Omron toll-free at 
1-800-62-OMRON 


OMRON ELECTRONICS, INC. 
Ol RON Consumer and Commercial Division 
‘ | B® One East Commerce Drive 
Responsive Innovation Schaumburg, Illinois 60173 


© 1988 Omron Electronics, Inc. 
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twisted-pair telephone lines and 
with coaxial or fiber-optic cables. 
The IC is available in 16-pin DIP, 
CERDIP, and SO packages. From 
$12.00 (100). 
- Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-7384. TLX 
7138719541. FAX 408-727-1550. 
Circle No 361 


LOOPBACK DETECTOR 


@ Detects 2713- and 2813-Hz 
signals 

@ Conforms to Bell PUB 43004 
The XR-T2713 loopback detector is 
designed for use in 4-wire terminat- 
ing units in conjunction with manual 
or automatic test systems. Using 
switched-capacitor technology, the 
IC detects both 2718- and 2813-Hz 


FAMILY SUPPORT 


While many 


Intel architectures are alternate-sourced 


by other manufacturers, no one knows them better, or 
supports them better, than Intel. 


Truest real-time emulation. Optimized languages. 


Common interfaces. Simpler operation. Single-point 
support for both silicon and tools. And support for 


new components months ahead of secondary tool 


suppliers. 


Intei Development Tools. The Short, Sure Path To Success. 


For your free Intel development tools catalog call: 


ARROW/KIERULFF at I-800-777-ARROW 


New Toll-Free Number 
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signals and performs the loopback 
in accordance with Bell PUB 43004. 
The XR-T2713 features a low oper- 
ating current of 3.5 mA at 12V, pin- 
selectable detection bands accurate 
to +15 Hz, a detection level to —34 
dB, and complementary TTL-com- 
patible outputs. The device comes 
in a 16-pin DIP. $5.02 (1000). 

Exar Corp, Box 49007, San Jose, 
CA 95161. TWX 910-339-9233. 
FAX 408-948-8245. Phone (408) 
434-6400. 

Circle No 362 


SMART POWER IC 


@ Drives loads as high as 2 kVA 
© Incorporates a pulse-width 

modulation controller 
The VB100 smart power driver con- 
tains a pulse width modulation con- 
troller and a Darlington power out- 
put stage that can handle voltages 
as high as 450V and currents as 
high as 5A. In applications such as 
the direct drive of de motors from 
rectified line supplies, the VB100 
can control loads as high as 2 kVA 
using only four external compo- 
nents. The device has on-chip ther- 
mal protection circuitry and is pack- 
aged in an 11-lead Multiwatt power 
package. $5 (100). 

SGS-Thomson Microelectron- 
ics, Via C Olivetti 2, 20041 Agrate 
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Brianza, Italy. Phone (039) 65551. 
TLX 330131. 
Circle No 363 
SGS-Thomson Microelectron- 
ics, 1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 


Circle No 364 


MULTIPLYING 
@ 12-bit, 4-quadrant type 
@ Includes on-chip output ampli- 
frer 
The AD7845 12-bit multiplying D/A 
converter features 4-quadrant op- 
eration, an on-chip amplifier, and 
interfaces for popular 16-bit pPs. 
External connections let you config- 
ure the AD7845 for either unipolar 
or bipolar operation, as a program- 
mable-gain amplifier, or as a pro- 
grammable current source. The 
DAC is monotonic over the full op- 
erating temperature range, and has 
a maximum of +1 LSB differential 
nonlinearity. The on-chip amplifier 
and feedback resistor perform cur- 
rent-to-voltage conversion with 
relative accuracy to within +1 
LSB. The internally compensated 
output amplifier delivers a +10V 
swing into a 2-kQ load and settles 
to 0.01% FSR in <5 usec. The full- 
power bandwidth is 250 kHz, and 
the unity-gain small-signal band- 
width is 600 kHz with a 7V/yusec 
slew rate. Package options include 
a 24-pin plastic or ceramic DIP. 
Three temperature ranges are 
available. From $7.40 (100). 
Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (508) 935-5565. TWX 
710-394-6577. 


Circle No 365 
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FLASH A/D CONVERTERS 


@ Include an input amplifier and 
voltage reference 

© Sample at frequencies as high as 
15 MHz 

Incorporating an input amplifier, 

voltage reference, and an 8-bit A/D 

converter, SO1080-series flash A/D 

converters contain all the circuitry 

required to convert high-speed ana- 


log signals into 8-bit data. They are 
capable of maintaining their 0.5 
LSB integral or differential non- 
linearity specification at sampling 
rates as high as 10 MHz. You can 


operate them at higher sample 


rates if youre prepared to accept 
reduced performance. The SO1080 
has an input dynamic range of 0 to 
5V and incorporates power supply 


ICEVIEW" 


6 


For more asi a decade Intel has made the wo 


@ 


most powerful emulator technology easy to use. 
Now there’s ICEVIEW.™ More than an advanced 


human interface with windows and menus, ICEVIEW 


is the latest example of Intel’s commitment to keep 


application development simple. Available now in 
IP?ICE™ for the 8086/186/280. 


Intel Development Tools. The Short, Sure Path To Success. 


ICEVIEWand I?ICE are trademarks of Intel Corp. 


For your free Intel development tools catalog call: 


ARROW/KIERULFF at I-800-777-ARROW 


New Toll-Free Number 
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regulators that allow you to power 
its analog circuitry from an 8 to 20V 
positive supply and a3 to 17V nega- 
tive supply. The SO1081 has an in- 
put dynamic range of 0 to 3V and 
requires regulated +5V supplies 
for its analog circuitry. The SO1082 
and .SO1083 incorporate input and 
feedback resistors around the input 
amplifier that allow you to select 


positive input dynamic ranges of 0 
to 0.75, 1, 1.5 or 3V, or negative 
input dynamic ranges of 0 to —1, 
—1.5, or —3V. You can also config- 
ure these versions to accept bipolar 
inputs. Both the S0O1082 and 
501083 feature buffered reference- 
voltage outputs of +3V for the 
$01082 and —1.5V for the SO1083. 
All the converters are housed in 24- 


Our family. 


Catalog models available for immediate prototype testing. 
pas = HT/1000 


PM/S00 ST/32B 


HT/1201 4 


MP/2105 


(military 
“ee "I qualified) 
Your features. 
We customize or tailor to your requirements. oe 
CUSTOM KEYS §& : BATTERY POWER : EPROM 
EMERGENCY | — A) BACKLIT DISPLAY 
STOP 


“ PANEL MOUNT 


SPECIAL 
CASE DESIGNS 


CUSTOM DISPLAY 


MEMORY LIGHTED Ses 


CARD 


SPECIAL CASE COLOR 


Choose from a wide variety of handheld and panel mount Termiflex models 
available for immediate delivery. 
It’s easy to connect one as the prototype operator interface 
for the microprocessor-based product you’re developing. 


As your product evolves, Termiflex becomes part of the development family. 
Our engineers work closely with you, helping to specify custom features 
(from special programming to trademark graphics) 
that will precisely fit your application and 
give a strong family resemblance to your product line. 


Then we’ll build, test, and deliver production quantities to meet your schedule. 
And when your control/display unit goes out into the world 
with your looks and your name, Termiflex will be there if service is ever needed. 
Isn’t that what families are all about? 


Termiflex Corporation 
316 Daniel Webster Highway 
Merrimack, NH 03054 


Telephone 603-424-3700 
Fax 603-424-0330 
Telex 595559 
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pin DIPs and dissipate less than 1W 
of power. SO1080 and SO1081, 
around $200; SO1082 and SO1083, 
around $220 (100). 

Sorep SA, Z I Bellevue, Box 5, 
35220 Chateaubourg, France. 
Phone 99623955. TLX 740573. FAX 
99003247. 

Circle No 366 

Sorep Technology Corp, Box 
4364, Houston, TX 77210. Phone 
(718) 923-5200. TLX 166081. FAX 
713-923-4182. 

Circle No 367 


FOUR-CHANNEL MUX 


© Full-power bandwidth of 34 MHz 
® Small-signal bandwidth of 350 
MHz 

The AD9300 video multiplexer pro- 
vides 4-to-1 channel switching for 
video signal routing, medical imag- 
ing, and ECM applications. The 
monolithic IC has a typical full- 
power bandwidth of 34 MHz (80 
MHz min) and a small-signal band- 
width of 350 MHz. The gain of the 
AD9300 is flat within +0.1 dB to 
8 MHz. The circuit lets you ran- 
domly switch any of the four inputs 
to the output at rates exceeding 20 
MHz with a two-bit channel-select 
code. You can combine multiple 
AD9300s in either parallel or cas- 
cade arrangements to form larger 
switching matrices. When not en- 
abled, the mux output has a high- 
impedance state; when enabled, the 
mux acts as a buffer with high input 
and low output impedances. Other 
features include 75 dB of crosstalk 
rejection at 10 MHz and 0.05° differ- 
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How the Club Works 


YOUR BENEFIT: You get 3 books for $1.95 plus shipping & handling when you join. You 
keep on saving with discounts from 20 to 50% as a member. 


YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4 weeks, you will receive 
the EE&D Book Club News describing the Main Selection and Alternates, as well as bonus offers 
and special sales, with hundreds of titles to choose from. 


AUTOMATIC ORDER: If you want the Main selection, do nothing and it will be sent to 
you automatically. If you prefer another selection, or no selection at all, simply indicate your 
choice on the reply form provided. As a member, you agree to purchase at least 3 books within 
the next 2 years and may resign at any time thereafter. 

BONUS BOOKS: Starting immediately you will be eligible for our Bonus Book Plan with 
savings of up to 80% off publishers’ prices. 


IRONCLAD NO-RISK GUARANTEE: If not satisfied with your books, return them within 
10 days without obligation! 


EXCEPTIONAL QUALITY: All books are quality publishers’ editions especially selected 
by our Editorial Board. 
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Book Club® and send me the volumes I have listed below, billing me only 
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sent on a 10-Day Free Examination basis. If dissatisfied in any way, I may 
return the books within 10 days and incur no further obligation. Otherwise, 
I agree to pay the enclosed invoice promptly and to receive regular club 
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prices during the next 2 years, and may resign at any time thereafter. 
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ential phase error. The AD9300 op- 
erates from +10V to +15V sup- 
plies. The IC is available in a 16-pin 
ceramic DIP and a 20-pin LCCC. 
From $8.00 (100). 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. TLX 
924491. TWX 710-894-6577. 
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Quality And Reliability 


ERA/REFAC carries the highest levels of comm 
Years of proven performance in high reliability aer 
tough industrial applications assure our customer: 

will achieve design criteria and field coe 
ERA/REFAC works to MIL-STD-105 


 d WW} REFAC ELECTRONICS 
EJ 


REFAC 


FUL TRAVEL 


A 
= WG) WEST HILL ROAD + WINSTED, CONNECTICUT 06098 
TEL: (203) 379-2731 + FAX: (203) 379-88 


FAULT INTERRUPTER 


@ Detects electrical ground faults 
@ Provides interface to an SCR 
The LM1851 Ground Fault Inter- 
rupter is a direct replacement for 
the industry-type bearing the same 
part number. The device detects 
hazardous grounding conditions in 
consumer and industrial wiring. 
The output of the LM1851 triggers 


_ ASSEMBLIES 


You can ced on ERA/REFAC for the latest in subassemblies 


and turnkey products. Our manufacturing facilities in Connecticut and 
Taiwan are both equipped with automated assembly lines that include 


on-board wire bonders, surface mount pick-and-place machines, 


wave soldering machines, and automated test equipment. Our capa- 
bilities are complemented by the ERA’REFAC Design Engineering 
Group, specialists in design and customer ieee Computer con- 
sige a room capabilities assure precision tooling and fast turn- 
arounds 


There may be a Refac keyboard in your future. 


Write, call, or fax your specifications to us today. 


ELECTRONICS RESEARCH ASSOCIATES, INC. 
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an external SCR, which opens a cir- 
cuit breaker to prevent a harmful 
or lethal shock. The device complies 
with UL943 timing standards to en- 
sure immunity to false triggering 
caused by line noise. The LM1851 
features adjustable fault-current in- 
tegration time and adjustable fault- 
current threshold. You can config- 
ure the LM1851 to detect both nor- 
mal faults (hot wire to ground) and 
grounded neutral faults. The device 
is available in 8-pin DIP and 8-pin 
small-outline packages. $1.19 (100). 
Raytheon Semiconductor, 350 
Ellis St, Mountain View, CA 94043. 

Phone (415) 968-9211. 
Circle No 370 


ANALOG ARRAY 


@ Provides dielectric isolation 
e Has complementary npn/pnp 

transistors 
The SP1104 is a high-density analog 
array that provides such features 
as dielectric isolation and vertical, 
complementary npn and pnp tran- 
sistors. The array also uses thin- 
film nichrome resistors and dual- 
layer aluminum metalization. Each 
transistor in the SP1104 is fully iso- 
lated, allowing the designer to use 
conventional discrete design tech- 
niques. The complementary transis- 
tors provide similar performance. 
The npn transistors have a beta of 
200 and an f, of 1 GHz; the pnp 
transistors have a beta of 100 and 
an f, of 600 MHz. Performance fea- 
tures of the SP1104 include band- 
widths to 80 MHz and gains to 120 
dB. The device is available with 
either 20V or 35V ratings and is 
supported with a complete set of 
SPICE model parameters. Also 
available is the SP1104 Macro Cell 
library, which includes op amps, 
voltage references, transimpedance 
amplifiers, and comparators. NRE 
charges start at about $20,000. 

Sipex Corp, Data Linear Div, 491 
Fairview Way, Milpitas, CA 95035. 
Phone (408) 945-9080. FAX 408- 
964-6191. 
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ELLIPTICAL BARGRAPH 


APPLICATIONS 


@ Portable Instrumentation 
@ Industrial Measurement 
@ Process Monitoring 

@ Medical Systems 


FEATURES 


Dual Input 

LCD, Backlit 

Rate Of Change 
Bargraph For Trend 
Analog / Digital Display 
Positive / Negative Image 


LEVEL 
10 


Bea & 
920 CANDIA ROAD, MANCHESTER, NH-03103-9916. 
MODUTE CC c03/669-5121, FAX: 603/622-2690. 1-800-METERS-1 cmil 


WESCON BOOTH NO. 2662 
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COMPUTERS & PERIPHERALS 


PORTABLE COMPUTER 


® Comes with either a 16-MHz 
80286 or a 20-MHz 80386 CPU 
@ Has an electroluminescent flat- 
panel display 

The portable add-in computer 
(PAC) is IBM PC/AT-compatible 
and comes in two versions. The 16- 
MHz 80286 CPU version weighs 
just under 20 lbs, and the 20-MHz 
80386 CPU version weighs slightly 
over 20 lbs. The 80886 version has 
a RAM cache and delivers a per- 
formance figure of 4.5 MIPS. The 
units come with a yellow or orange 
electroluminescent flat-panel dis- 
play. The display measures 80 char- 
acters X 25 lines and has a 640 x 400- 
pixel resolution. A gas plasma dis- 
play is optional. The system also 
comes with 1M byte of main mem- 
ory (expandable to 8M bytes), a 


MOUSE 


e Has a variable resolution from 
20 to 2000 counts/in. 

@ Optical sensors provide an 
MTBF of greater than 20 years 
Designed for high-end applications, 
the PC Mouse II input device has 
a built-in accelerator that lets the 
user determine how fast the mouse 
moves the screen cursor. The unit 
achieves variable resolutions from 
20 to 2000 counts/in. with nine dif- 
ferent speed settings. In addition, 
the mouse boasts a counted-error 
accuracy of <1% of the total counts. 
Incorporating a 2-button design and 
a 9-ft cable, it comes with software 
for automatic installation, a mouse 
driver, and pop-up menus. It’s de- 
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1.2M-byte 5’/-in. floppy-disk drive, 
a 20M-byte hard-disk drive, and an 
86-key keyboard. The 16-MHz 
80286 version, from $4270; the 20- 
MHz 80386, 4.5-MIPS version, 
$7470. 


signed to operate using the Micro- 
soft Corp mouse protocol. It uses 
optical technology to sense position 
on a 54 Xx 7-in. mouse pad. Because 
the sensors are optical, the MTBF 
is greater than 20 years, and the 
unit comes with a lifetime war- 
ranty. $149. 

MSC Technologies Inc, 47505 
Seabridge Dr, Fremont, CA 94538. 
Phone (415) 656-1117. FAX 415- 
770-1924. 
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MEMORY BOARD 


@ Uses the Expanded Memory 
Specification for the STD Bus 
@ Provides as much as 2M bytes 
of PROM or RAM 
The ZT 8825 memory board for the 
STD Bus uses the Expanded Mem- 
ory Specification (EMS) developed 
by Lotus, Intel, and Microsoft 
(LIM) to overcome the 640k-byte 
limitation in STD DOS applications. 
The board can have as much as 2M 
bytes of PROM or RAM or battery- 


Dolch American Instruments 
Inc, 2029 O’Toole Ave, San Jose, 
CA 95181. Phone (800) 538-7506; in 
CA, (408) 485-1881. FAX 408-435- 
8260. TWX 910-338-2023. 

Circle No 375 


backed RAM. For non-STD DOS 
applications, you can use the board 
as a standard 1M-byte memory 
board. The board is compatible with 
the company’s family of STD Bus 
CPU boards based on the 8088, 
V20, and V50 uPs. It is also com- 
patible with boards that meet the 
STD-8088 specification. It contains 
eight 32-pin JEDEC sockets that 


accept either 28- or 32-pin 
EPROMs, EEPROMs, and static 
RAMs. $395. 


Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 
(805) 541-0488. TLX 4992316. 

Circle No 377 
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COPROCESSOR 


@ Achieves 20M flops for the 
Macintosh II 

© Has an optimizing compiler 
The MC3200NU floating-point 
coprocessor board for the Macintosh 
II computer achieves 20M flops and 
10 MIPS performance ratings. It 
comes with 2M, 4M, 6M, or 8M 
bytes of memory that is 2-way in- 


IF YOU STILL THINK YOU 
NEED LONG LEAD TIMES 
AND HEAVY PREMIUMS 
FOR CUSTOMIZED 
LINE CONDITIONERS, 


50 and/or 
60Hz operation 


Any number of 
— power outlets 


120 and/or 220V ——— LJ 


Choice of NEMA/ 
- ——— IEE International 
: cords & receptacles 


Rack mount Or __—-——~"_ |S 
chassis mount ie 


DISPLEX DELIVERS INA FRACTION 
OF THE TIME! ATA FRACTION OF THE COST! 


What's our secret? Two things. One, CAE/CAD to speed up the design 
and specification process. Two, a complete line of pre-engineered, 
pretested off-the-shelf modules that can be assembled quickly in any 
configuration—with any combination of features and options. 

Engineered to eliminate line noise, spikes and surges, they're easily 
tailored to your specific needs — without costly “customization” delays. 
Features include: Magnetic circuit breaker protection. Field replaceable 
Surge suppressors. Full status indication. High inrush current and 
brownout protection. With noise-free zero current switching, they can 
operate with nonlinear loads and any power factor. Call or write for 
details: (516) 671-4400. 


wh MISPLEX SLPIC. sudsiciary of North Hills Electronics 


1 Alexander Place, Glen Cove, New York 11542 (516) 671-4400. TELEX: 46-6886 
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terleaved on a 40M-byte/sec on- 
board bus. The single-slot board is 
based on Weitek’s XL-8032 RISC 
processor chip set, which includes 
the WTL-3132 32-bit floating-point 
unit. The board can be used as both 
a master and a slave on the Nubus, 
and it supports block and nonblock 
mode transfers for 8-, 16-, and 32- 
bit data. As a master, it can trans- 
fer data independent of the host 
anywhere in the 4G-byte address 
space of the Nubus. The board runs 
on the same operating system as 
the host so the host CPU can handle 
operating-system calls, multi- 
tasking operations, and graphics 
while the board is performing the 
number crunching. 2M-byte system 
hardware, $10,000; Fortran and C 
development software, $8500. 
Mercury Computer Systems 
Inc, 600 Suffolk St, Lowell, MA 
01854. Phone (508) 458-3100. FAX 
508-458-9580. 
Circle No 378 


DISK DRIVE 


® [ts 3'/-in. form factor fits in the 
Macintosh II 
®@ Formatted capacity of 80M bytes 
The AM80-Ili 3’4-in. hard-disk 
drive fits in the position usually set 
aside for a second floppy-disk drive 
in the Macintosh II computer. The 
drive has a formatted capacity of 
80M bytes which, when combined 
with the hard-disk drive in the stan- 
dard Macintosh II computer, ex- 
pands the available storage space 
to 120M bytes. The drive features 
an average access time of 19 msec 
and an MTBF of 50,000 hours. It 
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Make it friendly. 
Touch it. 


Design a system that gives you a 
competitive edge. Make it simple to 
use. Easy to learn. Make it friendly. 

With a touch input system from 
Carroll Touch, the world’s leading OEM 
Supplier of touch products. 

Discover the full line of solutions 
Carroll Touch offers. From infrared to 
overlay touch products. Select from a 
wide range of standard add-on units in a 
variety of sizes. Or from a line of fully 
integrated computer displays equipped 
with touch. Or specify your own unique 
requirements. 

Once you've chosen the Carroll Touch 
product that’s right for your system, you'll 
discover even more. Exceptional quality 
and ruggedness. High reliability. Low 
maintenance. Making touch more affordable 
and cost-effective than ever. 

Whether it’s sophisticated test equipment 
for automotive technicians. Or a medical 
diagnostic system for patient care. Make 
your next system friendly. Touch it. Begin 
by calling 512/244-3500. 


Carroll Touch 


a subsidiary of AMP Incorporated 


PO. Box 1309 

Round Rock, Texas 78680 
512/244-3500 Telex 881906 
CIRCLE NO 210 
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measures 1.625 x 4.0 x 5.75-in. and 
weighs 2 lbs. The drive comes with 
the necessary mounting hardware 
for installation, utility software, 
and a 1-year warranty. $1995. 
Dolphin Systems Technology, 
603-B E Alton Ave, Santa Ana, CA 
92705. Phone (714) 546-6938. FAX 
714-546-1435. 
Circle No 379 


HANDHELD COMPUTER 


© Runs IBM PC and HP-41C com- 
patible software 
@ Has an 8-line xX 21-character dis- 
play 
Featuring an 8-line x 21-character 
LCD, the MC-II handheld com- 
puter contains a 5-MHz 80C88 pwP 
and an operating system similar to 
DOS; these characteristics allow 
many applications written for the 
IBM PC computer to run with little 
or no modification. In addition, the 
unit can run programs written in 


MBase, MC-Basic, C, and programs 
written for the HP-41C calculator. 
It has two RS-232C ports, and it 
has a Kermit file-transfer program 
for transferring data to a PC or a 
mainframe computer. It also ac- 
cepts data from a bar-code laser 
scanner or a smart wand. The unit 
comes with 128k bytes of RAM, 
which is expandable to 512k bytes. 
A built-in text editor supports 
EPROM application modules. The 
unit measures 8.25 x 3.75 X 1.75 in. 


== Modular Computers® 


VIOXROM... a universal SW interface 
for VME intelligent |/O modules 


VIOXROM is based upon a real-time kernel and distributes |/O functions over one 
or more intelligent |/O boards using data- and device-independent mailboxes 
instead of physical ports. You need not program the on-board kernel, the SW is 


ready-to-go! 


The VIOXROM concept: 


@ standardizes system |/O functions 


Your benefits include: 


@ reduces SW-development time 


@ enables OS-independent !/O functions @ is HW independent 


@ provides a standard development 
environment 


Sweden 
Taeby 


USA + Canada Germany 
Pittsburgh Kaufbeuren 
412-279-6661 
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France 


@ offloads VMEbus and master CPU 
@ compatible with VUEPROM 
@ requires no extra SW license 


Japan 


Paris Osaka 
(8341)81001 (8)7567260 (1)45346060 (6)8760615 
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and weighs 1.4 lbs. With 41M soft- 
ware for running HP-41CX pro- 
grams, $750. 

Corvallis MicroTechnology Inc, 
895 NW Grant Ave, Corvallis, OR 
97330. Phone (503) 752-5466. 
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GRAPHICS ADD-IN 


@ [s compatible with IBM CGA, 
EGA, VGA, and PGA graphics 
@ Has as much as 4M bytes of on- 
card video memory 
The TT786 add-in graphics card for 
IBM PCs and compatible computers 
provides both digital and analog 
outputs, allowing you to drive stan- 
dard monitors at resolutions as high 
as 800 x 560 pixels. In analog mode 
the card allows you to simultane- 
ously display as many as 256 colors 
from a palette of 262,144 colors. It’s 
compatible with IBM CGA and 
EGA digital graphics adapters, and 
with the IBM VGA and PGA analog 
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BRILLIANT 


Array of Choices 


Your brilliant choice for high quality, low cost 
arrays is Data Display Products. As status 
indicators, built-in test equipment indicators, 
annunciators and other display applications 
—they're another bright idea from the world 
leader in high-efficiency LEDs. 


Direct Replacement for Dialight 551 
PGB Series 

Designed for high density packing, these 
arrays are compact, easy to handle and have a 
built-in recess for improved solderability. 
Choose from 1 to 8 module sizes with 2.4, 5 
and 12 volt operation. Each LED is precisely 
aligned and reliable for years of use. 
Colors can be mixed (red, amber, yellow 
and green). 


Shining Selection 
Get the models and quantities you want 
with guaranteed availability. And besides a 
network of sales representatives and distribu- 
tors, we provide engineering support too. 
Make the brilliant choice. Find out about 
our shining selection of arrays, multi-chip 
illuminators, and complete LED product line. 
Call Data Display. TOLL FREE (800) 421-6815. 
Within California, call (213) 640-0442. 
Free Catalog. 


DATA 
DISPLAY 
PRODUCTS 


eens 
Your Brilliant Choice 


P.O. Box 91072, Los Angeles, CA 90009 
(213) 640-0442, FAX 213-640-7639 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605, FAX: 541-452551 - Australia Ampec, PH: 6893522, TLX: 790 127136 AMPEC, FAX: 612 
6335448 - Belgium/Holland Klaasing Elc, PH: 01620 81600, TLX: 844 54598 KLBDNL, FAX: 31162056500 - Denmark Radio Parts, PH: 01 333311, TLX: 855 19613 RPARTOK, 


FAX: 451-342232 - France A Jahnichen, PH: 47806001, TLX: 6203188, FAX: 33147861601 - Israel R.C.M. Computers, PH: 03 476225, TLX: 922 341390 IL, FAX: 9723491942 - 
Italy Microdata, PH: 0187 988182, TLX: 8432 72070, FAX: 39187988322 - South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 867325A SA, FAX: 52-8922208 - Spain 
Betatron, PH: 6942511, TLX: 831 23911 PCOE, FAX: 3416937384 - United Kingdom Marl Int, PH: 0229 52430, TLX: 851 65100 MARLG, FAX: 44229-55155 - West 
Germany/Austria Kuhn GmbH, PH: 06235 5662, TLX: 841 464766 KUHND, FAX: 49623581955 


See us at Wescon, Booth 2961 
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TOKIN TECHNOLOGY UPDATE 


Eliminate the noise from your design. 


A MUST FOR 
IC BOARD DESIGN 


The problem of constructing IC 

boards free from electro- 
magnetic interference is 
one you can easily 
solve with Tokin 
EMC Filters. 


But if you wait 
until you've started 
designing the board, it’s already 
too late; it’s something you need 
to consider before you begin. 
The Tokin EMC Chip Filters 
above are a good example. By 
including them in the IC design 
from the start, the designer can 
create an IC board that enables 
the end user to enjoy the full, un- 
restricted potential of the board’s 
performance. That's why more 
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lear, accurate data transmission. 
From easy-to-mount EMC Chip - 
Filters for normal- and common- 
mode noise absorption, to DIP 
Noise Filters for high impedance 
over a wide frequency range. 


and more companies are using _ 
Tokin EMC components in a 
mushrooming range of electronic 
products throughout the world 


as 


every day. to deal with EMI, the normal- es PR ee 

sand common-mode noise that A HALF-CENTURY OF 
AN AN SWER FOR YOUR attacks data communications CLEAR COMMUNICATION 
EVERY DIGITAL NEED 


terminals and digital equipment, 
Tokin has come to the rescue 

with an incomparable lineup of 
EMC data line filters that deliver 


Specifications (DIP Noise Filters) 


-Tokin stands for reliability you 
can count on, and all Tokin EMC 
components are backed by 50 
years of intense work in develop- 
ing and manufacturing communi- 
cations and electronics materials 
and devices. From power line 
filters to noise simulators and 
other measuring equipment and 
facilities, Tokin offers a vast 
selection of products and services 
to provide unprecedented com- 
munication clarity. Call us for 
details. 


Digital electronics are changing 
the shape of the world we live 
in, in more ways than one. And 


ee 


Please see us at 


qip Wescon/88. 


Electronic Show and Convention 
November 15-17/Anaheim, California 


#1310/1312/1314 


Specifications (EMC Chip Filters) 


Tokin Corporation 
Hazama Blidg., 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan Phone: 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J 


Tokin America Inc. 

155 Nicholson Lane, San Jose, California 95134, U.S.A. Phone: 408-432-8020 Fax: 408-434-0375 

Chicago Branch: 9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. Phone: 312-215-8802 Fax: 312-215-8804 

Miinchen Liaison Office 

ElisabethstraRe 21, 8000 Miinchen 40, Bundesrepublik Deutschland Phone: (089) 271 75 22 Fax: (089) 271 75 67 Telex: 5 24 537 tokin d 


You can reach our agents by phone: London 01-837 2701; Paris 1-45 34 75 35; Milan (0331) 678.058; Munich (089) 5164-0; Seoul (02) 777-5767; Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668 
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graphics systems. The card is avail- 
able with 512k, 1M, 2M, or 4M 
bytes of video memory. The 4M- 
byte version allows you to store and 
manipulate images containing as 
many as 8000 x 4000 1-bit pixels, or 
2000 x 2000 8-bit pixels. An Intel 
20-MHz 82786 graphics processor 
provides features that include a 
drawing speed of 35 nsec/pixel and 
hardware windowing capabilities. 
The company can provide a library 
of graphics routines for the card. 
£395 to £1400. 

Tektite Ltd, Box 5, Felixstowe, 
Suffolk IP11 7LW, UK. Phone 
(0394) 672117. TLX 987458. 

Circle No 381 


FAX TRANSCEIVER 


@ Provides voice announcements 
for incoming messages 
® Optional storage of 120 pages for 
message relaying 

The NeFAX desktop facsimile and 
phone transceiver has four types of 
voice announcements. It allows us- 
ers to record a message for incom- 
ing calls; it automatically reports 
the transmission of a document; it 
informs the sender of a successful 
data transmission; and it confirms 
the transmission status to a remote 
location. A high-speed transmission 
mode sends documents at speeds as 
high as 9 sec/page. A relay feature 
allows the unit to forward pages to 
as many as 20 other units. A 1M-or 
2M-byte memory option lets the 
unit store 120 pages for forwarding 
at a preprogrammed hour. The de- 
vice has 200 x 400-line/in. resolution 
and can record 16 levels of gray 
scale for photograph reproduction. 
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It has speed dialing for as many as 
200 numbers including 30 1-touch 
numbers. The unit measures 
19x 15.7 6.6 in. with a telephone 
handset and weighs 31 lbs. $3495. 
NEC America Inc, Facsimile 
Div, 8 Old Sod Farm Rd, Melville, 
NY 11747. Phone (800) 782-7329; in 
NY, (516) 753-7406. 
Circle No 382 


CONTROLLER 


@ Provides eight serial I/O chan- 
nels for Multibus II systems 

@ Runs an onboard 80386 pP 

The M-CC386/008 communications 

board for Multibus II systems con- 

trols eight synchronous/asynchro- 

nous serial I/O channels. Its on- 

board 16-MHz 80386 wP, 1M or 4M 

bytes of onboard RAM, 82380 DMA 


Ne give you capacitance 


__ ofalimited color range, we can makea 


__ Instead of sudden death, we give you 
lamps with useful lives exceeding 10,000 
hours in extreme environments. We can 


ICleads. And we can supply front or back 
_adhesives, for easy mounting. 
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WE CAN GET YOU AROUND 
YOUR LIGHTING PROBLEMS. 


_-.. yourlighting problem may be as simple 
= pete itl in anew light. 


nology that's very cool. eed 


_ lamp in almost any color—even multicolor. 


give you a variety of connectors, including 


: em on ee 
ohinineccence. Because thesolutionto 


LUMINESCENT 
SYSTEMS INC. 


_ SETTING THE SIANDARD 
A SUBSIDIARY DF LOGTITE CORPORATION 


tel (603) 448-3444 
FAX (603) 448-3452, TWX 710-366-0607 
Etna Rd., Lebanon, NH 03766 


363 


Y 
fe) 
Hed 
We 
ww 6 
ml 2 7 
‘ %. © 
Ni a 
5 : no 6.5 
= aod 
‘ iS o 
: = Oa 
; Pee — = 
rs] o 
Ne om = . 0 
q@uN 
a 00a 
gs gee 
2 Bes 
|g .) @22 
= mm Ho 
J E ds 
fo) (e.@) 
_— 8. sabes 
; : = EF5-8 
\ @ OcPMR 
So fF ee 
ae m™ - A A 
re) tia 
v 6-6 © 
: 3 zi ag 
. ov 
c ened io 
r 5 Sits 
3 mero 
. & 
oe 
eee 20 
' oz 
® a 
£E WwW oa) 
| 3. ra 
= ai 
. = eeu 
) 5 ¢ ve 
2 = NN 
5 es 
see wo of 2 
© - 62 
a2) n= 
c es 
OC FP; s 
| 2 =a > 8 
3 7 2 Q 
< <%= 30 
DB ~~ cc 2 oS 
: a M224 
. WJSsrg 
aa = c9Ase 
. © n 3 @® 
3 O€se 
3 ' vy = 
z S eo... 
_ - ano 
S ANE 
a 
OD 
: oa 
wo 
t 
(e) 
Q 
Q 
Be 
fp) 
WU oe 
a 
” P 
| ® d 
ides : 
= 2 
Bist ; ; 


COMPUTERS & PERIPHERAIS 


controller, and optional 80387 math 
coprocesssor make it suitable for 
use in high-performance systems 
running standard operating sys- 
tems such as Unix. The board also 
has sufficient functionality for use 
as a stand-alone system. The on- 
board RAM is dual-ported to the 
80386 and the Multibus II iPSB. 
Each serial I/O channel supports 
RS-232C or RS-422 protocols, and 
operates at baud rates between 50 
and 19.2k baud in asynchronous 
mode, or at a bit rate as high as 
1.5M bps in synchronous mode. All 
baud and bit rates are software pro- 
grammable, and all the serial chan- 
nels provide full modem control. 
The board supports bit- and byte- 
synchronous modes for a variety of 
protocols including HDLC, SDLC, 
X.25, and IBM BiSyne. Other fea- 
tures include four 32-pin JEDEC 
EPROM sockets, and an iSBX ex- 
pansion interface. The iPSB inter- 
face supports the Multibus II mes- 
sage passing, built-in self-test, and 
interconnect space functions. $5495 
to $6450. 

Concurrent Technologies Ltd, 
Fairfax House, Causton Rd, Col- 
chester, Essex CO1 1RJ, UK. 
Phone (0206) 42996. TLX 94012560. 
FAX (0206) 67333. 

Circle No 383 

Concurrent Technologies Inc, 
25401 Cabot Rd, Suite 206, Laguna 
Hills, CA 92658. Phone (714) 768- 
33382. FAX 714-951-8902. 
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MONITOR 
@ Displays 1 page of a letter-size 
document at 80 dots/in. 
@ Provides an 8 X 10.7-in. viewing 
area for the Macintosh SE 
Providing an 8X10.7-in. viewing 
area for word-processing and sin- 
gle-page publication applications, 
the PageView is a 15-in. display 
monitor for the Macintosh SE com- 
puter. It has two display resolu- 
tions: An actual-size resolution dis- 
plays 576x768 pixels, using 72 
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dots/in., and a letter-size resolution 
displays 640 x 870 pixels, using 80 
dots/in. The letter-size model dis- 
plays a single-page document on the 
screen. Other features include a 
noninterlaced screen refresh rate as 
fast as 97 Hz, a full tilt-and-swivel 
base, and contrast and brightness 
control switches. The software lets 
the user switch between the two 


OUR ELLAMPS WON'T LEAVE 
YOUR PRODUCT IN THE DARK. 


mes, in humidity andm . 
-ourELlamps really shine...onandon.In | 
fact, their useful lives exceed 10,000 hours.\ 

 Andwe can provide this reliability’ in 

| almost a color. In all kinds ofs! sizes and 
shapes. 


nce eae STANDARD 
__ASUBSIDIARY OF LOCTITE CORPORATION 
- tel (603) 448-3444 


FAX (603) 448-3452, TWX 710-366-0607 _ 
EtnaRd., Lebanon, NH 03/66 
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Sur ports ultrafast bpeeerenteer block t m ue ve with. 


over 25 transputer-based boards and three separate 
levels of systems. They include interfaces to the IBM 


PC/XT/AT, IBM PS/2, Macintosh || (NUBUS), VME 
Q-BUS, SCSI, Graphics Video Input, Parallel I/O, 
3 etc. An extensive software environment includes 
compilers for “C”, FORTRAN, PASCAL, OCCAM, 
PARALLEL “C”, PARALLEL PROLOG, and the 
“HELIOS” (Unix-like) distributed operating system 


with X-windows. support. 


BLDG. 9, UNIT 60 
245 W. ROOSEVELT RD. 
WEST. CHICAGO, IL 60185. 


PHONE (312) 293-9500 
FAX (312) 231-0345 


Inexpensive starter kit packages for PC, PS/2 and Mac-ll 
are now available. vpn 
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resolution modes, select several 
cursor sizes, set a time delay before 
activation of a screen save feature, 
and select one of two system-font 
sizes. $999. 

Sigma Designs Inc, 46501 Land- 
ing Parkway, Fremont, CA 94538. 
Phone (415) 770-0100. FAX 415- 
770-0110. 
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ETHERNET BRIDGE 


@ Links three or more LANs using 
the Spanning Tree Protocol 
e A protocol-precedence feature 
prioritizes protocol types 

The ACS 40380 remote Ethernet 
bridge can connect three or more 
remote LANs to create a single net- 
work with transparent connections 
between all devices. The bridge im- 
plements the IEEE-802.1 specifica- 
tion better known as the Spanning 
Tree Protocol (STP). STP over- 
comes problems that occur when 
three or more linked networks cre- 
ate a situation where data packets 
travel in different directions and ar- 
rive out of order or continue to loop 
if a device is too busy to accept 
packets. The bridge also features 
protocol precedence, which priori- 
tizes packet order according to pro- 
tocol type. Protocol precedence also 
allows high priority for packets 
with time-sensitive local protocols 
such as DECnet Local Area Trans- 
port (LAT) and transmits them 
ahead of other packets in the queue. 
Base unit, $4975; STP implementa- 
tion for either X.25 or point-to- 
point applications, $500. 

Advanced Computer Communi- 
cations, 720 Santa Barbara St, 
Santa Barbara, CA 93101. Phone 
(805) 963-9431. TWX 910-334-4907. 
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WAVEFORM BOARD 


® Acquires and arbitrarily gener- 
ates waveforms 


© Samples two channels simultane- 
ously at 20-MHz rates 


The WAAG II waveform acquisi- 
tion board and an arbitrary wave- 


form generator on a single IBM PC 


card can simultaneously sample two 
input channels at rates as high as 


rm surface illumination, sO 


ith all kinds of sizes and 


"HERE'S HOW TO GET YOUR 
HANDS ON OUR EL LAMP. SO_ 
YOU CAN SEE FOR YOURSELF. 


ONE OF THESE CAN CHANGE 
THE WAY YOU SEE LIGHTING. 


rget your balancing act. With - | 


_Just send this ad, along with your busi- 


20 MHz. Each channel has a stan- 
dard 16k-byte data-buffer memory, 
which is optionally expandable to 
64k bytes. The input video band- 
width is 40 MHz and minimizes 
phase distortion. The arbitrary 


_ waveform generator can synthesize 
either one-shot or continuous wave- 


forms for two output channels. The 
synthesized waveform can be as 


iene 
UUMINESCENT 
SYSTEMS INC. - 


SETTING THE STANDARD 
A SUBSIDIARY OF LOCTITE CORPORATION — 
el (603) 448- 3444 


_ FAX (603) 448-3452, TWX 710-366-0607 _ 
Etna Rd., Lebanon, NH 03766 
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long as 32k bytes with an option 
that extends it to 64k bytes. 
Jumper straps allow the card to 
sample one channel at 40 MHz with 
32k bytes of memory (or an optional 
128k bytes), select X1 or X10 gain, 
and perform master/slave trigger- 
ing for parallel channels. $1395. 
Markenrich Corp, 1812 Flower 
Ave, Duarte, CA 91010. Phone 
(818) 359-9190. 
Circle No 387 


MICRO- 


TERMINALS 


GRAPHICS BOARD 


® Uses TMS34010 graphics proces- 
sor for VME Bus 
@ Provides 1280 x 1024-pixel 
resolution 

Based on TI’s TMS34010 graphics- 
processor chip, the VG-1281 graph- 
ics board for the VME Bus has 
three gate arrays that allow the 
board to achieve drawing speeds of 
100,000 vectors/seec and BitBlt 
transfers at 100M bps; the gate ar- 
rays also perform real-time zooming 
and smooth panning. The board 
provides a resolution of 1280 x 1024 
pixels from a video RAM frame 
buffer, and it can display 256 colors 
from a palette of 16.7M colors. It 
has 1M byte of RAM to store firm- 
ware, display lists, fonts, and pat- 
terns. A graphics library called Lib 
Shell has over 185 commands and 
resides in onboard ROM. The com- 
mand consists of primitives for 
drawing lines, circles, outlines, fills, 
and text along with 2D and 3D 


transforms. The board operates 
from a 5V supply and draws 3A typ. 
$4295. 

Matrox Electronic Systems Ltd, 
1055 St Regis Blvd, Dorval, Que- 
bec, Canada H9P 2T4. Phone (514) 
685-2630. TLX 05822798. FAX 514- 
685-2853. 
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GRAPHICS CONTROLLER 


@ Provides 1280 X 1024 pixels for 
the IBM PC/AT 
@ Designed around TI’s 3410 
graphics processor 
The Artist Designer 12 graphics 
controller card for the IBM PC/AT, 
Compaq 386, and compatible com- 
puters is designed around TI’s 
34010 graphics processor to deliver 
1280 x 1024-pixel resolution. It pro- 
vides 256 colors from a palette of 
16.7 million. The board supports 
drivers for IBM’s professional 
graphics language (PGL), and the 


THE WORLD'S 


MOST ACCURATE AUTOMATIC 


Low-Cost Terminals 


for Industrial 
Applications 


e Interfaces: EIA-232, 
422, 423, 485, and 5V 
asynchronous. 

. ¢ Uses single 5V supply at 


4mA. 


. © 20-key tactile keypad. 
e 16-character by 4-line 
LCD display. 
Available in handheld, panel- 
mount or bare versions. 
¢ Optional features: display 
backlighting, custom keypads 
and logos, 12V supply, status 
LEDs and more. 


QTERM Unit 
$230 


OS 


368 CIRCLE NO 28 


QSI Corporation 

1740 Research Park Way 
Logan, UT 84321 
CORPORATION (801) 753-3657 Telex: 887430 


CAPACITANCE/ LOSS BRIDGE 


Applications Inclu 

Calibration 

Transfer Standards 

Pressure Measurements 

Detection of Water and Contaminants 
Displacement and Strain 

Cryogenic Temperature Measurements 
Monitoring Chemical Reactions 
Thickness of Materials 

Insulation Quality 

Thermal Expansion 

AC Resistance 


Outstanding Features: 


ee 
AH 
— 


Phone: ( 246 ) 349-0370 


Accuracy 5 ppm or 0.5 aF 

Stability better than 0.5 ppm/ one year 
Resolution of 0.1 ppm or 0.5 aF(0.0000005 pF) 
Temp. Coefficient of 0.02 ppm/°C 

NBS Traceable 

RS-232 and IEEE- 488 Interfaces 


Call, Write or Telex for a Brochure 


Andeen- Hagerling, Inc. 
31899 Miles Road 
Chagrin Falls, Ohio 44022 U.S.A. 


Telex: 4931432 
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Disk- 


transferring data at the limits of the SCSI bus. 
And versatile, providing either direct SCSI 
commands or Intel compatible PCI commands. 
_ On-board disk-caching firmware makes it 
even faster. Up to 2 megabytes of parity | 
protected RAM and 80186 CPU speeds of up 
to 12.5MHz mean cache hits are frequent 
and fast. 

For extra efficiency, tune your systems using 
the four provided disk-sorting algorithms, 


aching SCSI for Multibus I. 


+ 3h ie wis = sais 


service, easy 2 access to pap engineers, even 
customizing for some applications. You’ll find 
them in this and every Central Data product. 
Call product manager Andre Felix today for 
a detailed product brochure on the CD22/4500. 


la 


1602 Newton Drive, Champaign, IL 61821-1098 


1-800-482-0315 
(In Illinois 217-359-8010) 
FAX 217-359-6904 


*Multibus is a trademark of Intel Corporation. 
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direct graphics interface standard 
(DGIS) from Graphic Software Sys- 
tems via onboard firmware. The 
graphics pP controls and executes 
all graphics functions, relieving the 
host from executing drawing algo- 
rithms and emulating graphics stan- 
dards. The unit provides a horizon- 
tal scan rate of 64 kHz and a video 


bandwidth of 108 MHz. The frame 
buffer memory consists of 1.25M 
bytes of onboard video RAM. Board 
and software drivers, $4495. 
Control Systems, 2675 Patton 
Rd, St Paul, MN 55118. Phone (612) 
631-7800. TLX 756601. 
Circle No 389 


DSP BOARD 


@ Uses 25-MHz version of AT&T's 
WE DSP32 chip 

@ High-speed version performs a 
1024 complex FFT in 5.7 msec 

The ZPB32-HS high-speed version 

of the company’s ZPB32 DSP board 

utilizes a 25-MHz version of AT&T’s 

WE DSP22 chip. It also contains 


64k bytes of RAM with a 45-nsec 


access time and two sets of buffered 
serial I/O ports for passing data be- 
tween multiple pPs or I/O cards. 
The serial ports can transfer data 
at 3M bps to internal devices and 
at 12M bps to external devices. The 


software includes a utilities pro- 
gram that downloads DSP382 
asssembler code and lets the user 
edit registers and memory, a C 
utilities library, and a disassembler 
program. Some performance bench- 
marks include calculation of a 1024 
complex FFT in 5.7 msec, an FIR 
(finite impulse response) filter de- 
sign with 160 nsec/tap, and a 32-bit 
multiply and accumulate operation 
in 160 nsec. $1495. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85743. Phone (602) 746- 
1111. TLX 666491. 
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PRICE...POWER.. 


At $995, MAXI/PC is the most power- 
ful integrated schematic capture/PCB 
layout package available...guaranteed! 
Developed by the world’s foremost 
supplier of PCB CAD software, 
MAXI/PC offers you the most advanced 
capabilities of our high-end systems, 
designed to run on the low-cost PC. 

MAXI/PC can tackle your toughest 


boards—dual in-line, multilayer designs, 
as well as double-sided, surface-mount 
designs. Powerful features such as auto- 
matic component placement, automatic 
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COLOR PRINTER 


@ Uses thermal wax printing with 
300 dot/in. resolution 
@ Prints 2D and 8D drawings us- 
ing range of 7 to 4096 colors 

The 469RGB color screen printer 
uses thermal wax printing to 
achieve 300 dot/in. resolution. A 3- 
pass printing method produces 
color copies in 43 sec from display 
systems such as IBM’s 5080, DEC’s 
GPX, HP’s 9000 series workstations 
as well as the company’s 4111, 4115, 
and 4120 graphics terminals. A 
video adapter offloads the data on 
the screen in <4 sec. The printer 
can reproduce 2D and 8D drawings 
with a range of 7 to 4096 colors. 
The entire system consists of the 
company’s 4693 Series Print En- 
gine, which has a 2M-byte frame 
buffer (expandable to 8M bytes); a 
fiber-optic cable connection be- 
tween the printer and the display, 
which can extend the distance be- 
tween the two units to 100 ft; and 


a print controller with a 32-charac- 
ter LCD display for controlling the 
printer. 2M-byte frame buffer, 
$7700. 

Tektronix IDG Marketing, Box 
1000, MS 63-447, Wilsonville, OR 
97070. Phone (800) 225-5434; in OR, 
(503) 235-7202. 
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ACQUISITION UNIT 


@ Has a 12-bit ADC for the IBM 
PS/2 and PC/AT 
® Can sample at 1 MHz and per- 
form DMA transfers to the host 
Suitable for IBM’s PS/2 models 50, 
60, and 80, an IBM PC/AT, or com- 
patible computers, the System 
12000 stand-alone data-acquisition 
unit contains an 8-channel, 12-bit 
ADC; a 2-channel, 12-bit DAC; and 
24 digital I/O ports. The system can 
sample at 1 MHz and has a 256k- 
word X 16-bit memory for data stor- 
age. You can transfer data to the 


host memory through DMA control 
independent of the host CPU. 
Other hardware features include 
pre- and post-triggering, overvolt- 
age protection, programmable 
gains, and an 8255 digital I/O con- 
troller. Software features include 
assembly-language drivers that are 
callable from Basic, QuickBasic, 
Turbo Pascal, Fortran, and C pro- 
grams. $2995. 

Qua Tech Inc, 478 E Exchange 
St, Akron, OH 44804. Phone (216) 
434-3154. TWX 510-101-2726. FAX 
216-434-1409. 
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GUARANTEED. 


.- IN PCB CAD SOFTWARE 


gate and pin swapping and automatic 
routing take you from schematic cap- 
ture to PCB manufacture faster and 
more cost effectively than ever before. 
MAXI/PC offers you the combined 
Racal-Redac experience of over 20 
years in the EDA field and of more 
than 5,500 proven installations world- 
wide. Its high functionality will meet— 
even exceed—your requirements today. 
And with its upward compatibility, 
enable you to migrate to one of our 
premier systems as your needs grow. 


30-Day Money Back Guarantee 


MAXI/PC gives you the right power 
and functionality...for the right price. 
And guaranteed satisfaction, or your 
money back. It’s a no-risk offer you 

can’t afford to miss. 


Order Today! 


We accept check/money order, Visa 
and MasterCard. 


1-508-692-4900 
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238 Littleton Road, P.O. Box 365 
Westford, MA 01886-9984 


Here's a fully featured 400-watt, triple- 
output power system that’s configured 
for direct connection to the motherboard 
in your VME bus system. It’s a standard 
MOSFET switcher that includes all the 
features you’ve come to expect from NCR 
Power Systems. : 

Switching frequency is 80 KHz, and the 
unit has protection against overvoltage, 
overcurrent, and input surges. It meets 
the stringent safety and EMI requirements 
established by UL, CSA and TUV (VDE). 
Packaging complies with the Eurocard 
standards defined in DIN-41494 and IEC- 
297 for plug-in attachment to the mother- 
board. Precise (+0.4%) line and load 


Se 


NCR Power: 


Plug-in power for 


regulation and 75% efficiency make the 
unit ideal for data communications and 
processing applications. 

Standard units can be modified by 
NCR for precise conformance to cus- 
fomerrequirements. 

For detailed specifications and price 
quotation, contact NCR Power Systems, 
3200 Lake Emma Road, Lake Mary, FL 
32746-3393; Telephone 800/327-7612 or 
in Florida, call 407/323-9250. 
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GAUGE HEADS 


© Operate efficiently against exter- 
nal pressures of 1000 psi 
@ Protected against dirt, water, 
and corrosive vapors 

RBB Series gauge heads are built 
to withstand the abuse of heavy 
side loads. They operate efficiently 
against external pressures ranging 
to 1000 psi. The sensors are pro- 
tected against dirt, water, and cor- 
rosive steam and vapor. The stain- 
less steel construction features a 
double-shield design that resists ex- 
ternal magnetic influences. Probes 
are hardened to a Rockwell 60 rat- 
ing and are hard chrome plated and 
polished for smooth operation. The 
gauge heads utilize ball bearings to 
extend life and reduce friction. 
Probe life is estimated at 8 x 106 cy- 
cles with 26-lb side loads. Linearity 
and repeatability are +25% and 
0.000025-in., respectively. The 


RELAYS 


© Offer two relays in a single stan- 
dard package 
© Feature outputs rated for either 
40 or 25A each 7 
SSRD Series solid-state relays pro- 
vide two totally independent relays 
in a common hockey-puck package. 
Versions are available where each 
of the spst-NO relays have outputs 
rated for either 40 or 25A. The units 
use inverse parallel SCRs as output 
devices and include internal dv/dt 
snubber networks across the output 
switches. These 4-to-15V de input 
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gauge heads are available in ac and 
de versions in linear ranges of 
+0.25 and +1 in. From $616 and 
$807 for ac and de units, respec- 
tively. 


devices are available in both zero- 
voltage and random-voltage turn-on 
versions. The relays are UL recog- 
nized and CSA certified and feature 
optical coupling, which provides 
2500V rms input-to-output isola- 
tion. $30 (100) for a 25A, zero- 
voltage turn-on version. Delivery, 
stock to 10 weeks ARO. 

Potter & Brumfield Inc, 200 S 
Richland Creek Dr, Princeton, IN 
47671. Phone (812) 386-2194. 

Circle No 396 


STORAGE SYSTEM 


@ Provides safe keeping for ICs 
@ Snap-closure design prevents ac- 
cidental opening 

A handsomely bound 7X 11-in. al- 
bum, the ChipSafe is a booksize 
storage system for the safe keeping 
of ICs. The ribbed structure and in- 
terlock design of the thermoformed 
inner compartments ensure crush- 
proof and dust-tight storage. The 
snap-fastening closure design pre- 


Schaevitz Engineering, Route 
130 & Union Ave, Pennsauken, NJ 
08110. Phone (609) 662-8000. FAX 
609-662-6281. 

Circle No 395 


vents damage due to accidental 
opening. The album can store any 
size IC in any orientation. Compo- 
nents are protected from electro- 
static discharge damage and held 
firmly in place by the gripping 
strength of a conductive, noncorro- 
sive foam, which is abrasion and sol- 
vent resistant. Each album comes 
with a supply of color-coded binder 
labels and self-adhesive IC labels. 
$16.95. 
iToi Enterprises, Box 59, New- 
ton Highlands, MA 02161. Phone 
(617) 332-1010. 
Circle No 397 
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NETWORK CABLES 


© Designed for manufacturing- 
automated-protocol networks 

@ Available with copper-covered- 
steel center conductors 

The 1228A and 1224A 750 coaxial 

cables are designed for manufactur- 

ing-automated-protocol (MAP) net- 

works. Both meet IEEE MAP re- 

quirements and are CL2X rated. 


Designed for drop applications from 
the cable trunk to individual work- 
stations, the 1223A cable features 
an 18 AWG solid copper-covered 
steel conductor and a black PVC 
jacket. The 1224A accommodates 
either trunk-cable or drop-cable ap- 
plications and features a 14 AWG 
conductor. Both cables employ a 
sheild, which consists of a double- 


LMI makes 
RFI/EMI filter 
selectio 


¢ Lectroline® power line filters meet 
MIL-F-15733 and interface with all UL and 
NEC approved equipment. UL-1283 approval 
pending. 

e Wall- and Floor-mounted Lectroline 
power line filter panels. 


e Filters and power factor coils available 
for standard 60 Hz and 400 Hz power systems. 


© Communication and control line 
filters. 


* Lectroline signal line filter panels. 


* Custom filters to your specs to comply 
with MIL-STD-461/2/3, FCC, VDE and other 
regs. 

“Common mode filters. 

Reliability — an LMI advantage. 

All Lectroline power line filters are supplied 


with internal bleeder discharge resistors per 
UL 478-1967 and NEC 460-4. 


_ LMI YD 


Oil leakage is virtually eliminated by hermetically 
sealing both the oil-impregnated capacitors and 
the external case. 


Other LMI advantages include ventilation 
screens in high-current Lectroline filters (to 
UL-1283), use of wiring wells to isolate input 
and output wiring, and internal filter wiring at 
1000 circular mils per ampere, minimum. 
Assembly of all electrical wiring, terminal strips 
and cabling is performed with UL-approved 
devices. 


For most RFI/EMI suppression 
applications. 

LMI filters and filter panels are now widely used 
in shielded rooms and cabinets, ground support 
equipment, computer rooms, hospital 
diagnostic facilities, electrical and electronic 
equipment, and communication centers. Write 
or call the LMI Application Engineering 
Department for additional information. 


Nationwide Representatives 


LectroMagnetics, Inc. 


Specialists in electromagnetic shielding and compatibility 


6056 West Jefferson Blvd., Los Angeles, CA 90016 + (213) 870-9383, Toll Free (800) 325-9814-U.S.A. - (800) 325-9815-CA 
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layer foil bonded to the dielectric 
core followed by an aluminum-braid 
shield and then an overall copoly- 
mer mylar foil. The outer foil has 
a shorting fold, which provides 
metal-to-metal contact for maxi- 
mum shield effectiveness. Both ca- 
bles are available in 1000-ft put-ups. 
$220.65 and $377.25 for the 1223A 
and 1224A, respectively. 

Belden Wire and Cable, Box 
1980, Richmond, IN 47375. Phone 
(800) 235-3364. 
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PNP DARLINGTON 


@ Features internal short-circuit 
protection 

© Has a 312W dissipation rating 

The PH27001H is a smart, high- 
power pnp Darlington with fast cur- 
rent-foldback overload protection. 
To protect against short-circuit con- 
ditions, the unit monitors the cur- 
rent through an internal 16-m? 
sense resistor. Upon detecting an 
overload condition, the sense cir- 
cuitry diverts the input base cur- 
rent to shut off and protect the Dar- 
lington. Other features include a 
312W power dissipation rating, a 
1.8V max VcRsaT), an 80V min col- 
lector-to-emitter breakdown, a 1500 
min de current gain, a —55 to 
+ 125°C operating range, and a 1.2- 
wsec turn-on time. The unit is 
housed in a TO-3 hermetically 
sealed package with a 0.4°C/W ther- 
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Today Duracell is your 
best source for all your 
lithium battery needs. 


First with high-power 
consumer-replaceable lithium 


batteries, Duracell now introduces — 


the MicroLithium Battery Series 
for long-life, low-drain applica- 
tions. These new Iithium/ 
manganese dioxide cells have 
the same quality 
and dependability 
as our popular 
High Power 
Series, but have 
been optimized 
for micropower == | 
equipment. UL — Pitzsk, Fst vat 
recognized, 

they're available in a wide-range 
of coin and cylindrical sizes, with 
or without pin terminations. 


Our sales engineers 
listen to your engineers. 


World-wide, you can count 
on our field sales engineers for 


Assorted cell sizes and PCB pin types. Shown are 
DL2450; DL2032 with chip-straddle pins; DL1/3N. 


expert applications assistance, 
battery samples, and test infor- 
mation, when you need it. From 
form-fit evaluation to component 
sourcing, we can help match the 
optimum lithium cell to your 
requirements. 
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replaceable lithium batteries. © 
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NEW MICROLITHIUM BATTERY SERIES 
JOINS THE DURACELL XL 
POWER FAMILY! 


_ Custom assemblies. . . 
standard solutions. 


Our national network of - 
Authorized Value “Added Assem- 
blers can 
Supply you 
with special 
terminations 
and battery 
packs. And 
Duracell will 
coordinate the 


clock battery. 


: Duracell. . . 


effort and _| SO very easy 
oo || to work with. 
Hee : | The Duracell Team is just 
too! a phone call away to help you 


in fulfilling your battery require- 
_ ments, from technical information 
to competitive pricing and quick 
_ deliveries. With Duracell, satisfy- 
m= ~~ | ing your lithium battery needs is 
_ easier than ever! 

: Call us today at one of the 
_ toll-free numbers listed below 
__and lock in your 10% introduc- 
__ tory discount. 

*Discount applies to cells with and without PCB pins 
purchased directly from Duracell: DL2450; DL2430; 


_ DL2032; DL2025; DL2016; DLAAL; DL2/3AL; 
>, DLI/2AAL. 


Popular-size cylindrical configurations: DL1/2AAL,; 
DL2NSE; and DL2/3AL. 


SPECIAL 10% INTRO- 
DUCTORY DISCOUNT! 


We want you to try the new 
DURACELL XL MicroLithium 
Series of batteries. That's “a 
why we're offering a iS 
special discount on ‘ 
all new customer 


DURACELL INC. 


OEM Sal d Marketing G 
arabe wai 2 Berkshire industrial Park see 
and SMpped De- Bethel, CT 06801 
fore June 30, 1989. 

L with single pins (polarized pins available). 
FOR an AND 10 aa T YOUR ai DISCOUNT CALL: 
Fast “ (In Connecticut, 
203-264-3935) 
In Illinois, 
Central 10-954.5714) 
West (In California, 


800-225-1962) 


©1988, Duracell Inc. 
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mal impedance. Units are available 
screened to MIL-STD-883. $89 
(100). 

Micro Networks, 324 Clark St, 
Worcester, MA 01606. Phone (508) 
852-5400. 
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FILTERS 


@ Usable in either 3- or 4-wire sys- 
tems 
@ Feature both common- and dif- 
ferential-mode suppression 
The A Series 3-phase RFI power- 
line filters are designed for 4-wire 
wye applications. They provide fil- 
tering in each of the three lines plus 
the neutral and ground line. The fil- 
ters also handle 3-phase delta sys- 
tem applications. The filters feature 
both common- and differential- 
mode suppression from 50 kHz to 
30 MHz. They are effective for both 
balanced and unbalanced 3-phase 
loads and incorporate a shielded 


construction. The units are manu- 
factured to IEC 880 specifications 
and are UL recognized. Mounting 
options include mounting studs at 
either the line or load side, remov- 
able L brackets for surface mount- 
ing at the line or load side, and re- 
movable endbells for line and/or 
load sides. $67 to $99 (100). 
Corcom Inc, 1600 Winchester 
Rd, Libertyville, IL 60048. Phone 
(312) 680-7400. 
Circle No 400 


POWER TRANSISTOR 


® Combines the advantages of MOS 
and bipolar transistors 
® Has an output rating of 500V at 
10A 
Featuring a maximum drain-source 
voltage of 500V and a maximum 
continuous drain current rating of 
10A, the STHI10N50 insulated- 
gate bipolar transistor is suited for 
use in de motor drives, solenoid 
drivers, relay drivers, and similar 
applications. Because the device 
has a high input impedance—its 
maximum gate-current specification 
is 100 nA—you can drive it in a 
similar way to a power MOSFET. 
However, the device’s output char- 
acteristics are similar to those of a 
bipolar junction transistor. Its large 
reverse-bias safe operating area 
suits the transistor to applications 
such as switch-mode control of de 
motors that are powered directly 
from a 220V ac line supply. In such 
applications, you can switch the de- 


Compare to LH Series TMF! 
More power! Better specs! Better prices! 
@ Safety & EMI  @e AY 
@ Form & function equal 


@ 2 year warranty 
@ Direct from stock 


Now for a limited time — purchase 
small quantities @ 100 piece price! 


Call Toll Free 1-800-523-2332 


P.O. BOX 1369 @ WISSAHICKON AVENUE, NORTH WALES, PA 19454 
ye) lire frac. /ff PHONE 215/699-9261 TWX: 510/661-8061 


H 42 models 
@ 1-5 outputs 
@ 5-48V, to 120A 


See us at Wescon/88, Booths 1415-1417 
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Data Line 
EMI Filter 


@ Virtually eliminates 
line conducted EMI 
from data lines 


@ 12 dBmattenuation 
from 3 to 500 MHz 


@ Frequencies 
below 100 kHz 
pass unattenuated 


@ Available in 8-line 
or custom versions 


@® Low cost, standard 
DIP package 


7) 


800/322-COIL : Cary, IL 60013 


NEW! 


g 


CIRCLE NO 33 
EDN October 27, 1988 


COMPONENTS & POWER SUPPLIES 


(SRSA NN ERA AN AS A BET EDS OTE TTT IEE SSPE ERG LE AE EEL TLE LE TEE SE 


vice at frequencies as high as 10 
kHz. Other features of the device 
include 100W maximum power dis- 
sipation, the ability to operate at a 
junction temperature as high as 
150°C, and typical rise and fall 
times of 0.7 and 1.1 psec, respec- 
tively. The STHI10N50 is available 
in a TO-220 or a fully isolated ISO- 
WATT-220 package. $2.16 (100). 

SGS-Thomson Microelectron- 
ics, Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 65551. 
TLX 3380131. 

Circle No 401 

SGS-Thomson Microelectron- 
ics, 1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 

Circle No 402 


POWER SUPPLY 


@ Delivers 1000W from as many as 
five outputs 
@ Meet UL, CSA, and VDE re- 
quirements 
These power supplies provide as 
many as five outputs and deliver 
1000W at 50°C. The main channel 
delivers 825W at 165A; the four 
auxiliary channels output as much 
as 350W combined. Auxiliary chan- 
nels 1 and 2 deliver 20A max, and 
auxiliary outputs 3 and 4 deliver 10 
and 3A, respectively. The supplies 
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operate from inputs of 90 to 132 or 
180 to 264V ac. Line and load regu- 
lation are 0.2%, and the minimum 
hold-up time is 30 msec. Standard 
features include overload and over- 
voltage protection, thermal and re- 
verse-voltage protection, remote 
sensing, and +10% output voltage 
adjustment. Standard interface sig- 


current sharing, de okay, overvolt- 
age protection activated, remote in- 
hibit, and remote margining. The 
units meet UL, CSA, and VDE re- 
quirements. $806 to $961 (50). De- 
livery, eight to ten weeks ARO. 
Jeta Power Systems Inc, 2675 
Junipero Ave, Signal Hill, CA 
90806. Phone (818) 363-9655. 


nals include power-fail detection, 
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At JAE, the 
future is now! 


The leader in 
high density connectors 


As one of the top five worldwide connector 
manufacturers, JAE -in cooperation with major 
electronics O.E.M.s-has developed a complete 
family of 2- piece PCB connectors for small 
computer interface. The TX Series of low 
profile, high density connectors are real estate 

_ efficient, stackable, and available now. 

JAE has been a leading manufacturer of elec- 
tronic components for over 30 years and has a con- 
nector for virtually every application. As electronics 
equipment becomes smaller and lighter, JAE con- 
tinues to research and develop connectors to meet 
the changing needs of the industry. The TX Series is 
just one example of how JAE is keeping pace with 
the industry. These high density connectors meet all 
EMI specifications and can be used in a wide range 
of state-of-the-art electronic systems applications. 

Call or write today for information on the TX 
Series and the complete line of JAE connectors. 
JAE...where the future is now! 
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TX7 Series 


TX10 Series 


JAE 


ee 
JAE Electronics, Inc. 


Just about electronics! 


1901-A E. Carnegie Avenue 
Santa Ana, CA 92705 
714/250-8770 


800/ JAE- PART (523-7278) 
except CA and AK 


FAX 714/250-8957 
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PROXIMITY SWITCH 


@ Features a 15-mm sensing dis- 
tance 

®@ Available in 2- and 3-wire ver- 
sions 

KIE Series capacitive proximity 

switches sense metallic and nonme- 

tallic objects at distances ranging 

to 15 mm. The units are housed in 

a threaded tubular package, which 


features an integral terminal cham- 
ber and can be mounted in either 
straight-on or right-angle configu- 
rations. The switches are available 
in a 2-wire ac/de version and a 3- 
wire dc version with either positive 
or negative switching models. All 
models can be programmed in the 
field for either normally open or 
normally closed operation. The out- 


our only concern is initial ce 
Circuit breakers. But beyond in 
and can drive up your cost of wa 
product liability. 


E-T-A circuit breakers, on the 
Yet they can lower costs wh 


pro 
and better performance chi racteristics than fuses. For example, 


they’re trip-free, foolproof, 100% 
tested for quality, and approved 
for use, worldwide. 


So, forget the fast buck. Instead, go 
for the long-term value of E-T-A circuit 


breakers. Call today or circle the 


number below for specification details. 


EgIPA\ 


CIRCUIT BREAKERS GROUP 
setting the pace for circuit protection 


7400 N. CRONAME RD., CHICAGO, IL 60648 Tel. (312) 647-8303 FAX: (312) 647-7494 


© 1988 E-T-A Circuit Breakers 
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puts of all de versions include short- 
circuit and overload protection. $87 
and $103 for 3-and 2-wire versions, 
respectively. 

Efector Inc, 805 Springdale Dr, 
Whiteland Business Park, Exton, 
PA 19341. Phone (800) 441-8246; in 
PA, (215) 524-2000. 
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TERMINAL STRIPS 


@ Provide easy access for wiring on 
crowded pe boards 

@ Feature a 94V-0 UL rating 
Featuring a 90° entry, Eurostyle 
terminal strips save space and pro- 
vide easy, safe access for wiring on 
crowded pe boards. The 0.197-in. 
contact spacing provides five termi- 
nations in less than an inch. The 
strips have touch-proof terminals 
and wire-ready captive screws that 
won't fall out and cause shorts. The 
terminals have UL ratings of 15A 
and 300V max. Other features in- 
clude wire entries that accept wires 
as large as 14 AWG, a closed side 
that acts as a wire stop, and ther- 
moplastic insulator material that 
has a UL flame-retardant rating of 
94V-0 and a UL temperature index 
of 180°C. $0.17 (500). 

Vernitron Corp, Beau Products 
Div, Box 10, Laconia, NH 03247. 
Phone (603) 524-5101. TWX 710- 
364-1848. FAX 603-524-1627. 

Circle No 405 
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SOME LCDs 
ARE AN EYESORE. 


If your LCDs have you looking for an optometrist, Sharp Electronics has just the prescription. 
Supertwist LCDs with LED backlighting. 

These new displays are three times easier to read than current TN technology. With higher contrast 
and wider viewing angles than ever before possible. And their amber, green and red colors make them 


perfect for applications such as process control, typewriters, telephones and portable instruments. 
Even better, they're drop-in replaceable for TN-type LCDs. 

focus on Marshall Industries. They've got production 

quantities available for immediate delivery. 


SLO NO RRO ORI bin 


And for Sharp LCDs ready to ship today, Mm ry d 
Give Marshall a call. It'll help sharpen up your image. 


(“Authorized Locations) San Francisco (408) 942-4600* IL Chicago (312) 490-0155* MN Minneapolis (612) 559-2211 * Rochester (716) 235-7620* Brownsville (512) 542-4589* 

AL Huntsville (205) 881-9235* CO Denver (303) 451-8383* IN Indianapolis (317) 297-0483* MO St. Louis (314) 291-4650* OH Cleveland (216) 248-1788* Dallas (214) 233-5200* 

AZ Phoenix (602) 496-0290* CT Connecticut (203) 265-3822* KS Kansas City (913) 492-3121* NC Raleigh (919) 878-9882* Dayton (513) 898-4480* El Paso (915) 593-0706* 
Tucson (602) 790-5687 * FL Ft. Lauderdale (305) 977-4880* Wichita (316) 264-6333* NJ N. New Jersey (201) 882-0320* Westerville (614) 891-7580* Houston (713) 895-9200* 

CA Irvine (714) 859-5050* Orlando (407) 767-8585* MA Boston (508) 658-0810* Philadelphia (609) 234-9100* OR Portland (503) 644-5050* San Antonio (512) 734-5100* 
Los Angeles (818) 407-4100* Tampa (813) 573-1399* MD Maryland (301) 840-9450* NY Binghamton (607) 798-1611 * PA Pittsburgh (412) 963-0441* UT Salt Lake City (801) 485-1551 * 
Sacramento (916) 635-9700* GA Atlanta (404) 923-5750* MI Michigan (313) 525-5850* Long Island (516) 273-2424* TX Austin (512) 837-1991* WA Seattle (206) 486-5747* 

San Diego (619) 578-9600* WI Wisconsin (414) 797-8400* 
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HIGH STANDARDS 
from Standard Grigsby, inc. 


Standard Grigsby, Inc. is producing the broadest 
product line range of coded switches and digital 
encoders in the industry. 


With the SGI coded and digital encoded family of 
switches you get economically priced product with 
the high reliability and long life you need in your 
application. 


Standard codes or custom designed codes are 
available to fit any of your applications. This family 
of product also offers the availability of dual 
shafts, various mounting patterns, metric shafts 
and bushings, numerous indexing positions, 
detented and non-detented versions, shorting or 
non-shorting capability, gold plated contacts 


when requested. 


Standard Grisby, Inc. has a sample 
_... program for your convenience. 
Product using standard codes is 
available for off-the-shelf delivery. 
- Engineering assistance for your 
application needs is always available. 
Call today. . _ 


920 Rathbone Avenue : 
Aurora, IL 60507-9990 USA 
312/844-4300 

TWX 910-232-3138 

FAX 312-844-4286 
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PIN DIODE SWITCHES 


@® Cover frequencies to 40 GHz 
@ Feature a 20-nsec max switching 
tume 

F90 spst and spdt PIN-diode 
switches cover an 18- to 40-GHz fre- 
quency range. The spst switches 
are available with or without inte- 
erated TTL drivers in three differ- 
ent isolation grades. Models F9012, 
F9018, and F9014 have isolations of 
30, 50, and 70 dB min, respectively. 
Insertion loss ranges from 2 to 3.5 
dB max, and VSWR in the on posi- 
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tion is 2.2 max. The spdt switches 
are available with integral TTL 
drivers in two versions: the F9021 
with 30-dB min isolation and the 
¥9023 with 60-dB min isolation. In- 
sertion loss for these two switches 
ranges from 2.7 to 4.5 dB. For all 
five switches, rise and fall times are 
10 nsec max, and the total switching 
time is less than 20 nsec. From $850 
for spst units; from $1500 for spdt 
devices. 

General Microwave Corp, 5500 
New Horizons Blvd, Amityville, 
NY 11701. Phone (516) 226-8900. 
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DC/DC CONVERTER 


® Features high isolation and low 
barrier capacitance 

e Has a maximum leakage current 
of 2 pA 

The PWR1726 1.5W de/de con- 

verter is designed for applications 

where high isolation and low barrier 


WEBER 


147 West Cedar Street 
(203) 866-8474 


CIRCLE NO 36 


—No nuisance Huo 


m Easy Installation 
—DIN rail mounting 


mw Worldwide approvals 
— JA\G@ VDE 


capacitance are critical for system 
integrity. The single-channel, dual 
15V-output unregulated device fea- 
tures a minimum isolation voltage 
of 3500V de (units are tested at 
800V pk for 60 sec at 60 Hz) and a 
typical barrier capacitance of 7 pF. 
The maximum leakage current is 2 
wA. The converter operates over a 
7 to 18V de input range. You can 
synchronize the converter to elimi- 
nate unwanted beat-frequency 
noise generated by multiple units 
in the same system. By intercon- 
necting device syne pins, you can 


Your Partner for Innovative Circuit Protectio 


For Information Contact: 


Inmark Corporation 


Norwalk, CT 06854 
Telefax: (203) 866-0918 
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gang together as many as eight 
units. Other key features include a 
logic-controlled remote on/off con- 
nection; input and output filtering; 
and a low-profile, 0.4-in. package. 
$22.10 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. TWX 910-952- 
1111, 

Circle No 407 


OSCILLATORS 


© Have outputs that range to 100 
MHz 

@ Feature a +5% tolerance 

The members of the EPA209 family 
of oscillators are housed in 14-pin 
DIPs and generate fixed-frequency 
Square wave outputs. The 18 units 
in the line provide fixed frequencies 
of 2, 3, 4, and 5 MHz; then every 
5 MHz from 10 to 50 MHz; and 
every 10 MHz from 60 to 100 MHz. 
Standard features include a 50% 


duty cycle, +5% tolerance, comple- 
mentary Schottky TTL outputs, a 
4-nsec rise time, and an Enable line 
for synchronization service. The 
units’ low-level output can drive 10 
TTL loads, and the high-level out- 
put can drive 20 TTL loads. Maxi- 
mum supply current measures 75 
mA, and the operating range spans 
0 to 70°C. $1.70 (1000) for a 5-MHz 
unit. Delivery, stock to six weeks 
ARO. 

PCA Electronics Inc, 16799 
Schoenborn St, Sepulveda, CA 
91343. Phone (818) 892-0761. 
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FIBER LINK 


@ Transmits analog signals over a 
fiber-optic cable 

® Monitors link for signal failure 

The Fibre-Link-2 transfers 0 to 10V 
or 4- to 20-mA analog signals over 
a fiber-optic link for distances as 
great as 150 meters. The link uses 
a low-cost polymer optical fiber. 
The signal, which is modulated for 
transmission over the optical fiber, 
is continuously monitored for trans- 
mission failures. If a failure occurs, 
the receiver activates an alarm re- 
lay and reduces its output to OV. 
The receiver also has a zero-error 


Looking for a miniature circular connector you can trust in 
critical applications? SNAPLOCK is your answer. It’s rugged 
and reliable, with a positive action quick-release locking 
mechanism. That means it will stay connected until you release 
it. Period. Available in three shell sizes. Up to 7 contacts in a 
'-inch diameter shell. They’re even available in environmen- 
talized and hermetic versions. 

If your application calls for a reliable compact connector, find 
out how SNAPLOCK can solve your problems. Call or write 
today for a free catalog. 


VIKING 


SNAPLOCK MINIATURE CIRCULAR CONNECTORS 


21001 Nordhoff St., Chatsworth, CA 91311 ¢ (818) 341-4330 
CIRCLE NO 37 


382 


Get hex jack screws 


in 10 sizes... 
just in time. 


We have the hex jack screws 
you need for use on ‘“‘D”’ 
sub-miniature cable connec- 
tors. Manufactured to MIL 
specifications in 10 sizes 
from 3/16” to 3/4”, they’re 
available in cadmium color 
chromate finish and are sup- 
plied with all necessary nuts 
and washers. Your order 
can be filled and shipped 
promptly, or delivered just in 
time to suit your requirements. 
You can depend on RAF 
for all your electronic parts 
needs. Our consistent high 
quality, low prices and fast 
ax, delivery have 
| made us lead- 
- ers inour 
___ business for 
~ more than 
10 years. 
For more 
* information 
on hex jack screws and our 
full line of over 100,000 elec- 
tronic parts, call or write to- 
day for our FREE 160-page 
catalog. 


RAF 


Electronic 
Hardware, Inc. 
95 Silvermine Road 
Seymour, CT 06483 

Telephone (203) 888-2133 
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adjustment. Both the transmitter 
and receiver modules are mounted 
in DIN-standard, rail-mounting 
packages with screw terminals. 
£200 for a transmitter/receiver pair. 
Wessex Machine Controls Ltd, 
The Gallery, Brookside, Sandhurst, 
Camberley, Surrey GU17 8AP, 
UK. Phone (0344) 761613. TLX 

858893. 
Circle No 409 


SPEED CONTROLS 


@ Feature a closed-loop controller 
@ Respond in under 3 seconds 

The Whispercool controller regu- 
lates fans and blowers to eliminate 
the excessive noise generated when 
these systems are running at full 
speed or cycling excessively. The 
controller senses the actual demand 
on the cooling systems and compen- 
sates for temperature, altitude, hu- 
midity, and air-flow reversal. The 
Whispercool features a closed-loop 
controller, which can be set to spe- 


Design in 


Circuit Breakers for 


cific parameters, and an air flow 
switch that responds to any change, 
beyond a failure, in under 3 sec- 
onds. The unit operates on a supply 
voltage of 11.4 to 26V de and con- 

sumes only 0.8W. From $21. 
Cambridge Aeroflo Inc, 900 
Mount Laurel Circle, Shirley, MA 

01464. Phone (508) 425-2346. 
Circle No 410 
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MOSFET ARRAYS 


@ Offer four completely independ- 
ent MOSFETs 
@ Offered in P-, N-, and comple- 
mentary N-/P-channel versions 
Available in 20-pin surface-mount 
plastic packages, these arrays fea- 
ture four independent MOSFETs. 
The N-channel (TNO604WG) and 
the P-channel (TPO604WG) devices 
have a BVpgs of 40V and an RDSoy 
of 0.75Q each and 20 each, respec- 
tively. The 2 N-channel and the 2 
P-channel devices in the 


TCO604WG have identical respec- 
tive specifications. The N-channel 
and P-channel MOSFETs have 


Your Partner for Innovative Circuit Protection 


International Applications 


For Information Contact: 


Inmark Corporation 


Norwalk, CT 06854 
Telefax: (203) 866-0918 


147 West Cedar Street 
(203) 866-8474 
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threshold voltages of 1.6 and 2.4V, 
respectively, with guaranteed 
RDSon performance at gate drives 
of 5 and 10V, respectively. $3.89 
to $5.08 (100). Delivery, four to six 
weeks ARO. 

Supertex Inc, Box 3607, 
Sunnyvale, CA 94088. Phone (408) 
744-0100. TLX 6839143. FAX 408- 
734-5247. 
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TRIMMERS 


@ Designed for surface mounting 

@ Operate from —55 to +125°C 
Model 23 4-mm, sealed, surface- 
mount trimmers are available in 
both J-hook and gull-wing package 
styles. Available in tape-and-reel 
packaging, the units are compatible 
with pick-and-place equipment. 
Standard resistance values range 
from 1000 to 1 MQ. Other specs 
include a 250-mW power rating, a 
0.2% max contact resistance vari- 


Need a low profile I/O connector system you can plug in and 
forget? Take a look at Compu-Shield. It’s a fully modular system of 


ation, and a —55 to + 125°C operat- 
ing range. $0.97 (1000). 

Beckman Industrial Corp, 4141 
Palm St, Fullerton, CA 92635. 
Phone (714) 447-2510. 
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POWER SUPPLIES 


e Have power ratings that range to 
1000W 

@ Feature four-output capability 

Series 6A, 6B, and 6C power sup- 
plies feature a mainframe enclosure 
that provides the main output. The 
mainframe accommodates and pow- 
ers as many as three auxiliary mod- 
ules with 2 to 48V outputs; the 
overall power ratings are 600W for 
the 6A series, 800W for the 6B se- 
ries, and 1000W for the 6C series. 
Main output values range from 2 
to 24V; a 5V main output supplies 
currents of 90 to 150A. You can con- 
nect outputs with identical voltages 
in parallel, regardless of current 


demonstrated reliability, featuring a proven contact system. Contacts 
are on .050 in. centers, with 360° shielding against EMI/RFI for data 
busing. Selective gold plating in the contact area maximizes con- 
ductivity while keeping costs down. The spring contacts are totally 


enclosed and tension pre-loaded. 


The installer and user friendly Compu-Shield connector system is 
available as separate units, or as complete cable assemblies to your 
precise specifications. Call or write today for full details. 


VIKING 


COMPU-SHIELD CONNECTOR SYSTEM 


21001 Nordhoff St., Chatsworth, CA 91311 (818) 341-4330 
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ratings. When so configured, out- 
puts automatically current-share in 
proportion to their current ratings. 
Standard features include overvolt- 
age protection, remote sense, auto- 
matic thermal shutdown, soft start, 
an EMI filter, and reverse-voltage 
protection. From $939 to $1079 for 
models with four outputs. Delivery, 
stock to eight weeks ARO. 
Powertec, 20550 Nordhoff St, 
Chatsworth, CA 913811. Phone (818) 
882-0004. TLX 277483. FAX 818- 
998-4225. 
Circle No 413 


THE 
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FAMILY 


DC-DC Converters 
DC-DC Regulators 


DC-AC Inverters 


“Endicott Research Group. Inc. 


2601 Wayne Street, P.O. Box 269, Endicott, NY 13760 
607-754-9187 FAX 607-754-9255 TWX 510-252-0155 


~~ MasterCard 
For orders up to $250 — 
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C DEBUGGING SYSTEM 


@ Works with a logic analyzer to 
provide hardware breakpoints 
@ Lets you develop C software for 
any 68000 wP 
TekDB combines a source-level C 
debugger and a debug monitor in 
one EEPROM that you can plug 
into any prototype that is based on 
a wP of the 68000 family, including 
the 680380. The package lets you 
download your program into the 
target system, control the pro- 
gram’s execution, and debug the 
program at the C source-code level. 
If you combine the debug package 
with the vendor’s 1241 logic ana- 
lyzer, you can set hardware break- 
points and the package can then 
perform real-time tracing. You can 


GRAPHICS TOOL 


@ Lets you write programs for a 
graphics processor 
@ Implements the features of the 
ANSI C standard 
The DP8500 C compiler lets you 
write high-level code for the ven- 
dor’s DP8500 raster-graphics pro- 
cessor. The compiler implements all 
the features of the proposed ANSI 
standard; however, a command-line 
switch allows you to compile pro- 
grams that are written in tradi- 
tional K&R C. This feature allows 
you to use existing C programs with 
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adapt the package to almost any 
prototype that contains an RS-232C 
serial port. The package is intended 
for use with the vendor’s CLANDS 
II ANSI C development system, 
which has been enhanced to gener- 
ate code for the 68030 »P and in- 
cludes a code-coverage analyzer 
that reports execution statistics for 
the program under test. It also re- 
ports on code that never gets exe- 
cuted. TekDB debug package, 
$2500 to $7000, depending on host 
configuration; CLANDS II, $3850 
to $11,000; 1241 Logic Analyzer, 
$10,950. 

Tektronix Inc, Logic Analyzer 
Div, Box 12132, Portland, OR 
97212. Phone (800) 245-2036. 

Circle No 415 


the DP8500 graphics processor. The 
output of the compiler is macro- 
assembler source code; you'll need 
the vendor’s raster-graphics assem- 
bler package to convert the com- 
piler output to executable code. The 
compiler runs on MS-DOS and Unix 
systems. MS-DOS version, $1000; 
Unix version, $5000; raster-graph- 
ics assembler package, $700. 
National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-4425. TLX 346353. 
TXW 910-339-9240. 
Circle No 416 


DATA-ACQ SOFTWARE 


@ Allows a Macintosh to emulate 
an oscilloscope 
@ Lets you create many virtual 
laboratory instruments 
MacInstruments is a software pack- 
age that works with the vendor’s 
McADIOS II data-acquisition hard- 
ware and allows a Macintosh II or 
SE computer to emulate oscillo- 
scopes, chart recorders, scrolling- 
strip recorders, and scan-line re- 
corders. 

GW Instruments Ine, 35 
Medford St, Somerville, MA 02143. 
Phone (617) 625-4096. TLX 940103. 
FAX 617-625-1322. 
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ASIC DESIGN TOOL 


@ Allows manufacturer independ- 
ent PLD design 
@ Provides facilities to transfer 
PLD designs to gate arrays 

The LOG/AC CAE package allows 
you to transfer a PLD design from 
one manufacturer’s device to an- 
other, or to convert it for implemen- 
tation as a gate array. The pack- 
age’s PLD compiler allows you to 
specify a PLD design without re- 
quiring detailed manufacturer-spe- 
cific device information. A sche- 
matic capture facility also allows 
you to use circuit diagrams gener- 
ated by the OrCAD CAE package 
as input to the PLD compiler. In 
conjunction with the package’s PLD 
database, the compiler then allows 
you to select suitable devices with 
which to implement your design and 
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generates the required PLD data. 
The library includes technical data 
for more than 1000 PLDs from 36 
PLD vendors. After specifying a 
design, the package’s functional 
verifier allows you to simulate the 
logic to determine parametric infor- 
mation such as propagation delays. 
You can also use the functional veri- 
fier to generate test vectors using 


a high-level language or sections of 
the verifier’s trace buffer. If you 
wish to integrate one or more PLD 
designs into a gate array, you can 
use the LOG/iC Gates software. 
This software allows you to opti- 
mize the logic design and, in con- 
junction with a postprocessor, to 
generate net-list information in a 
variety of standard formats. LOG/ 
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YOU SHOULD DEBUG IN C 
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Supported Processors: 


8051 Family 

68HC11 64180/Z180 
Z80 68000 Family 
6809 8085 


Sun Workstations is reg. TM., Sun Microsystems, Inc. IBM 
is reg. TM., International Business Machines, Inc. Unix is 
reg. TM., Bell Laboratories, Inc. 


The ultimate in time savings is 
obtained when you debug your 
code in the same language it was 
written. Code development is accel- 
erated as constant program print- 
outs are no longer necessary. All 
displays of your program, including 
the real-time trace buffer, are in the 
form you specify, with options for 
Source only, Source and assembly or 
assembly only. Use your favorite C or 
PL/M compiler with our emulation 
system and SourceGate™ to enhance 
productivity of your engineering 
department. If you are working with 
different microprocessors, 
SourceGate provides the same inter- 
face for each, so learning curves are 
almost nonexistent when switching 
between projects or processors. 


HMI enhances this software 
capability with the most advanced 
line of in-circuit emulators on the 
market today. SourceGate runs on all 
IBM PC family computers, Sun Work- 
stations and many Unix systems. 


- help —— 


Choose A Topic: 

Break Trace Trigger Trace : 
Freeze Trace Bisassenbly Hode | 
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Search Trace Bata : 4y Medea. 
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Print Trace 

Bus Activity 
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For complete details, contact: 
Huntsville Microsystems, Inc. 
PO. Box 12415, 4040 South Memorial Parkway, Huntsville, AL 35802 


(205) 881-6005 


TWX: 510-600-8258 FAX: 205-882-6701 
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iC runs on DEC VAX and Mi- 
croVAX computers; Apollo and HP- 
9000 workstations; and on the IBM 
PC/XT, PC/AT, and PS/2 or com- 
patible computers. IBM PC ver- 
sions: PLD compiler, DM 4885; 
PLD database, DM 980; logic veri- 
fier, DM 1980; gate-array package, 
DM 5480; postprocessors, DM 870. 
Isdata GmbH, Haid-und-Neu- 
Strasse 7, 7500 Karlsruhe 1, West 
Germany. Phone (0721) 693092. 
TLX.Y) f21770.: FAX (721) 
174263. 
Circle No 418 
Kontron Electronics Inc, 630 
Clyde Ave, Mountain View, CA 
94039. Phone (415) 965-7020. TWX 
910-378-5207. FAX (415) 965-3505. 
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LOGIC SYNTHESIS 


® Converts HDL specification into 
a suemulatable net list 
© Optimizes circuits for speed and 
area 
The HDL Compiler, which is writ- 
ten in C and runs under Unix, syn- 
thesizes gate-level net lists from 
Hardware Description Language 
(HDL) design specifications. A com- 
panion tool, called the Design Com- 
piler, optimizes net lists for speed 
and area; it allows you to evaluate 
performance/area tradeoffs so that 
you can optimize the circuit for your 
particular application. Comprehen- 
sive documentation includes the 
Verilog Synthesis Policy, which de- 
scribes how to define Verilog HDL 
descriptions that are suitable for 
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Previously, the best CAE tools were available on only one platform. 


From the leader in desktop CAE solutions comes a new concept in electronic design: you pick 
the platform. 

Viewlogic® was the first to deliver a premium CAE solution on 286/386 PCs through “native mode” 
technology. Now we’ve ported the entire Workview® suite of CAE solutions—including VHDL simulation, a 
mixed analog/digital simulator, and ASIC vendor kits—to Sun and VAX™ workstations. For example, you can 
run a VHDL circuit simulation of 50,000 gates in minutes on a 386/PC, Sun Workstation® or VAXstation. 
Standardize on one, or pick a combination and design complex ICs, ASICs, and systems in 
a multiple platform environment—and retain a common user interface and shared database. 

With Workview, you have access to superior CAE solutions on 


today’s three most popular workstations in electronic design. For more at 
information, call: 1-800-CAE-VIEW; in Massachusetts, 1-508-480-0881. Vi EWlogic 


desktop CAE and beyond 


$0386 PC 
VHDL Simulation 
50,000 gates/4,000 vectors 


Sun 3/60 15 mi 

VHDL Simulation ? matt eBid ies VA Xstation 3000 
50,000 gates/4,000 vectors VHDL Simulation 

50,000 gates/4,000 vectors 


15 min 31 sec 


15 min 22 sec 


take pick. 


Viewlogic Systems Inc., 313 Boston Post Road West, Marlboro, MA 01752 


Viewlogic and Workview are registered trademarks of Viewlogic Systems Inc., VAX and VMS are trademarks of Digital Equipment Corp., Sun Workstation is a registered 
trademark of Sun Microsystems Inc. 
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translation and optimization. The 
HDL Compiler and the Design 
Compiler can also operate on Regis- 
ter Transfer Level (RTL) design 
descriptions; the software can ana- 
lyze and evaluate setup and hold 
times of storage elements. You can 
examine such constraints as mini- 
mum delay, minimum rise delay, 
clock skew, loading, temperature, 
voltage, and process, and compen- 
sate for their effects. You can main- 
tain your hierarchical design, and 
you have the flexibility to limit the 
scope of the optimization. The tools 
run on Sun 3/4/3861 and Apollo 
DN8000/4000 workstations. Prices 
start at $35,000 for the HDL Com- 
piler and $17,500 for the Design 
Compiler. The Verilog Synthesis 
Policy is included in the documenta- 
tion for the HDL Compiler. 
Synopsis Inc, 1500 Salado Ave, 
Mountain View, CA 940438. Phone 
(415) 962-5000. 
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TMS320 ASSEMBLER 


@ Provides macro facilities 

® Generates absolute-address code 
The ASM-820 is a macroassembler 
that runs on an IBM PC or compat- 
ible and generates code for TI’s 
TMS32020 and TMS320C25 digital 
signal processors. The instruction 
mnemonics conform to those used 
by TI, but the pseudo-operations 
and assembler directives differ. The 
assembler generates hex files that 
are suitable for uploading to the 
vendor’s DSP-16 data-acquisition or 
DSP-C25 signal-processing boards 
by means of a utility that is included 
in the package. The package also 
includes utilities that convert these 
files to TI-compatible tagged for- 
mat for downloading to a target sys- 
tem or to binary files that many 
EPROM programmers can accept. 
The assembler generates absolute 
addresses, so you don’t need a 
linker. Command-line switches let 
you direct the assembly listing and/ 


or the symbol cross-reference table 
to the screen, to a file, or to a 
printer. Other switches let you sup- 
press code generation or the listing 
of source code, so that assembly will 
proceed faster and the listing file 
will contain only error messages. 
$49.95. 

Ariel Corp, 110 Greene St, New 
York, NY 10012. Phone (212) 925- 
4155. TLX 4997279. FAX 212-966- 
3981. 
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DATA-STREAMING TOOL 


® Can transfer data between disk 
and any I/O device 
@ Achieves transfer rates of 190k 
bytes/sec or more 
DATASTREAM is a software pack- 
age that runs under DOS 3.0 or 
higher, on IBM PCs and compa- 
tibles, and on the PS/2 Model 30. 
It works in conjunction with lan- 
guage interface software for Turbo 
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Stanley high-intensity LED display 
of colors and types. natoeeen 


| DOT MATRTS LTOUID CRVSTAL DISPLAY MODULE 
440 CHARACTERS & 2 LIMES (SePDOTS+ CURSOR? 


t matrix LCD modules with super bright LED back- 
2nsure a bright future for products. Combined with 
Ds, EL, CFL and lamps, we can be precisely 

all kinds of applications. 
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Stanley LED/LCD Agents Overseas @F)/NLAND/TELETEKNO OY Tel: 358-0-717566 Telex: 
122124 Fax: 358-0-7014878 @FRANCE/A. JAHNICHEN & CIE Tel: 33-1-4780-6001 Telex: 
29-0714 Fax: 33-1-4786-1601 @®F R GERMANY/ELITE ELEKTRONIK UND LICHT GmbH & Co. 
KG Tel: 49-8094-18152 Telex: 527353 Fax: 49-8094-18153 @®BENELUX/LOHUIS LAMPEN BV. 
(Nether lands) Tel: 31-1606-2651 Telex: 54145 Fax: 31-1606-3175 @SWEDEN/FERTRONIC AB 
Tel: 46-8-734-8200 Telex: 11181 Fax: 46-8-83-2820 @SWITZERLAND/DEWALD AG Tel: 
41-1-4827711 Telex: 815200 Fax: 41-1-4825323 @UNITED KINGDOM/STC MERCATOR Tel: 
44-493-844911 Telex: 975441 Fax: 44-493-852443 @CANADA/DESKIN SALES Tel: 
1-416-475-1412 Telex: 06-96-6559 Fax: 1-416-474-9105 @®U.S.A/JAC. INTERFACE, INC. Tel: 
1-714-472-9524 Telex: 655328 Fax: 1-714-472-9783 @®DENMARK/PLEASE CONTACT DELCO 
A/S Tel: 45-2-277733 Fax: 45-2-277770 


CIRCLE NO 43 


STANILEY 
ELECTRIC CO.,LTD. 


Electronic Equipment Export Section 

2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Tel: 81-3-710-2557 Telex: 2466623 SECTOKJ 
Facsimile: 81-3-792-0007 
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With the new Douglas CAD/CAM 
Professional System, you can now experience 
computer-aided design without going over 
budget and without sitting through months of 
tedious training. Running on the Apple 
Macintosh Plus, SE and II, the Professional 
System from Douglas Electronics excels 
in price/performance, short learning curves 
and ease of use. 

As the newest addition to the Douglas 
CAD/CAM line of printed circuit board design 
and manufacturing systems, the Profes- 
sional System is a fully integrated engineering 
tool that will take you from the schematic 
drawing to the final routed board. The soft- 
ware features full color, unlimited multi- 


layers and .001" control which makes surface 
mount technology (SMT) and other difficult 
tasks a snap. Professional Layout includes a 
parts placement facility. Schematic includes 
fully interactive digital simulation and net list 
generation. A flexible, multi-pass router 
completes the design cycle with a 16 layer 
routing capability. 

The new age of electronic CAD has come 
with the high resolution and speed of a 
Macintosh engineering workstation. You'll be 
designing your first circuit board just 
minutes after the Professional System software 
has been loaded into your computer. 

In addition, the Macintosh’s graphics capa- 


CIRCLE NO 219 


Macintosh i trademark of Apple Computer, Inc 


§ The wait is over for a powerful, easy to use electronic design workstation. 


bilities allow for powerful features such 
as the ability to transfer Professional 
System drawings into final engineering 
documentation. 

Computer-aided design wasn't meant to be 
time consuming and complicated. If your 
present CAD system has got the best of you, 
it may be time you enter the new age of 
electronic CAD with the powerful, easy to use 
Douglas CAD/CAM Professional System. 

Take your first step by ordering a full- 
feature Demo. All three programs are 
included for just $25. 

Call or write for more information and to 
place your order. 


Douglas 718 Marina Blvd. 
Electronics San Leandro, CA 94577 
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Pascal, C, and the vendor’s im- 
plementation of Basic, as well as 
with the vendor’s high-performance 
DMA board. Using DMA tech- 
niques, the program transfers data 
in either direction between the 
hard-disk drive and any other I/O 
device. On an 8-MHz PC/AT you 
can achieve transfer rates as high 
as 190k bytes/sec; higher transfer 
rates are possible when the storage 
device is a RAM-disk. Typical appli- 
cations are event analysis and envi- 
ronmental monitoring; you can also 
use the software for high-speed re- 
trieval of data from the disk in 
waveform-generation and -analysis 
and simulation applications. Sepa- 
rate versions are avilable for Basic, 
C, and Turbo Pascal. $295. 
Intelligent I/O, 1141 W Grant 
Rd, Suite 131, Tucson, AZ 85705. 
Phone (602) 629-9872. TLX 888225. 
TWX 910-997-0735. FAX 602-623- 
8965. 
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CASE TOOL FOR MAC 


@ Lets you create structured-design 
charts 
@ Checks the consistency of your 
data structures and diagrams 

The MacDesigner version 2.0 
CASE tool lets you capture and 
communicate software design and 
organization with the aid of struc- 
ture charts, tree diagrams, module 
descriptions, and a data dictionary. 
The program automatically checks 
the consistency of your data struc- 
tures and diagrams, and generates 
a verification report. Six types of 
windows and a complete set of text- 
and graphics-editing features allow 
you to create structured-design 
charts, the data dictionary, and text 
documents. Other Macintosh appli- 
cation programs can use the graph- 
ics and text created with MacDe- 
signer. To run the program, you 
need a Macintosh, MacPlus, Mac 
SE, or Mac II computer that has 
at least 1M byte of RAM. The dem- 


onstration software has all the fea- 
tures of the full product except that 
the document-save function is dis- 
abled. $795; demo version with com- 
plete manual, $79. 

Excel Software, Box 1414, Mar- 
shalltown, IA 50158. Phone (515) 
752-5359. 
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INTRINSIC LIBRARY 


® Contains eight intrinsic func- 
tions written in C 
@ New algorithms provide faster 
execution and better accuracy 
The vendor’s library of eight basic 
intrinsic functions provides C lan- 
guage sin, cos, tan, arctan, exp, log, 
sqrt, and pow(xY) functions. The 
routines use a newly developed ta- 
ble-look-up procedure; according to 
the vendor, the double-precision ac- 
curacy is more than 99% over a 
range of several hundred thousand 
test cases. Because the procedures 
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e mm spacing circuits-per-inch 


Now you can design with 7 + -circuits-per-inch density. These new BUCHANAN 
subminiature electronic connectors provide the 3.5mm spacing that beats the 
competition's 5mm spacing hands down. This increased density lets you make 
the most of your valuable board space. And you get the choice of horizontal or 
vertical wire entry within a wire range of 14-20AWG. 
_ PLUS: @ Only a screwdriver needed to make connections. i Eliminates solder- 
ing, crimping, wrapping, and lugging. @ Connectors maintain 3.5mm spacing 
when mounted end-to-end. i Rugged nylon 6/6 polyamid housing. @ Hot-tin- 
_ dipped brass terminal contacts. m 15 Amps max. rating. 
Try a free sample in your application. See for yourself what this new SMB series 
connector can do for you. We'll be glad to put a sample in your hands. Just 
_ drop us a note on your letterhead. Or, if you can’t wait to get your hands on one, 
give us a call at 201-289-8200. 


For Smm and 10mm applications ask about the BUCHANAN SSB4/5 series in 
one-piece and plug-in configurations. 
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Py INDUSTRIAL ELECTRICAL 
PRODUCTS 
amerace 


AMERACE CORPORATION 

INDUSTRIAL ELECTRICAL PRODUCTS 

530 W. MT. PLEASANT AVENUE 
LIVINGSTON, NJ 07039(201) 992-8400 
TELEX: 13-8403 @ FAX: 201-992-9416 
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The Ultimate 
Programmer: 


~ © 100% Software Configured. 
¢ 12-20 bit DACs for both voltage and 
current control (4,000 to over 100,000 
,. steps of resolution, not just 256); 
,». plus subnanosecond timing 
resolution. 
* High voltage — 
high current pin drivers 

F can program and test single 
ICs or fully loaded PC boards. 


~ © 1600+ part library 
with room for 20,000 
additional devices. | 

e ATE and MIL Spec 
screening options. 

¢ Small, portableand — S 
plug compatible with over 350 different 
computers and operating systems. 

¢ Free library updates for 2 years. 


AG 


The OMNI. with prices that start at 
just $3,250, why settle for anything less? 


QANE 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 


Glendale, CA 91203 

(818) 240-0080 

(800) 828-0080 

(800) 423-8874 in California. 

TWX (510) 600-8099 FAX (818) 240-6131 
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greatly reduce the number of opera- 
tions needed to calculate a result, 
the routines execute much faster 
than other currently used algo- 
rithms. The functions are based on 
the IEEE floating-point standard 
and are portable to all machines 
that implement this standard. 
$20,000. 

Quantitative Technology Corp, 
8700 SW Creekside Pl, Beaverton, 
OR 97005. Phone (503) 626-3081. 
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PLuS-68k 


PROGRAMMING AID 


@ Runs under the OS-9 operating 
system 
@ Lets you create OS-9 device driv- 
ers and descriptors 

The PLyuS (Programming Lan- 
guage for micro systems), a com- 
plete programming package for us- 
ers of the OS-9/68K operating sys- 
tem, is modeled on Pascal, but in- 
cludes many of the useful features 
of C. Variable types include signed 
and unsigned integers, 32-bit fixed- 
and floating-point numbers, and in 
the 68020/68881 version, 84-bit 
floating-point numbers. The lan- 
guage provides low-level facilities 
such as direct access to registers 
and an easy interface to assembly- 
language programs and operating- 
system calls. The package includes 
a screen editor, a compiler, and a 
source-level debugger. Unlike 
other high-level languages, the 
package lets you create OS-9 device 
drivers and descriptors. PLwS-68K 
produces code for the 68000, 68008, 
68010, and 68020 processors; PLuS- 
020 adds the capability of creating 


code for a 68020 with a 68881 math 
coprocessor. PLyS-68K, £299; 
PLypS-020, £399. 

Windrush Micro Systems Ltd, 
Worstead Laboratories, N Wal- 
sham, Norfolk NR28 9SA, UK. 
Phone (0692) 404086. TLX 975548. 
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® Lets you develop C programs for 
68000 systems on PCs or VAXs 
@ Includes an interactive, source- 
level cross-debugger 
The Whitesmiths Version 3.31 C 
cross-compiler package includes the 
CXDB/S68K cross-debugger. The 
package runs either on IBM PCs 
and compatibles or on VAX/VMS 
machines, and allows you to develop 
software for an embedded target 
system that is based on a processor 
of the 68000 family. The compiler 
includes source code of a subset of 
the vendor’s ANSI-standard run- 
time library. The debugger pro- 
vides nonintrusive simulation of the 
target code at the C source and 
symbolic assembly-language levels; 
it permits expression handling, 
user-defined functions, break- 
points, and stack searching. Using 
the package allows you to display 
both the C code and the assembly 
language, to monitor and display se- 
lected variables, and to control the 
execution of the program. PC ver- 
sion, $2500; VAX version, $10,000. 
Whitesmiths Ltd, 59 Power Rd, 
Westford, MA 01886. Phone (800) 
225-1030; in MA, (508) 692-7800. 
TLX 750246. FAX 508-692-3561. 
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MODULA-2 COMPILER 


® Generates code for 8-, 16-, and 
32-bit target systems 

@ Runs on a variety of host 
computers 

Running on workstations, and IBM 

PCs and compatibles, the Introl 

Modula-2 cross-development pack- 

age lets you develop software for a 

variety of embedded target systems 
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that are based on processors in the 


Motorola 6301, 6801, 6809, or 68000 
families or in the National 32000 
family. The package consists of an 
optimizing Modula-2 compiler that 
implements all the features of the 
language described in the third 
(corrected) edition of Niklaus 
Wirth’s Programming in Modula-2; 
an optimizing, relocating macro 
cross-assembler; a library of run- 
time support functions that includes 
real-time, multitasking extensions; 
and a variety of utility programs. 
Versions are available for a wide 
variety of host computers, including 
IBM PCs and compatibles, Macin- 
tosh PCs, and Vax, Apollo, Sun, 
Hewlett-Packard, and Gould work- 
stations. Depending on the host 

configuration, $2000 to $8000. 
Introl Corp, 647 W Virginia St, 
Milwaukee, WI 53204. Phone (414) 

276-2937. FAX 414-276-7026. 
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CIRCUIT OPTIMIZER 


@ Analyzes analog circuits in both 
frequency and time domains 
@ Optimizes a circuit to meet your 
design goals 
NetOpt can perform a detailed 
analysis of an analog circuit. It lets 
you measure both the frequency- 
and the time-domain responses and 
display them with the aid of the 
high-resolution graphics feature. 
The program can also perform a 
Monte Carlo analysis and will pre- 
dict the manufacturing yield of the 
design from the component toler- 
ances that you supply. The optimi- 
zation feature allows you to specify 
design goals for output magnitude, 
phase shift, or group delay, then 
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WITH OUR CONNECTIONS 
YOU CAN'T GO WRONG. 


©MCMLXXXVI Phillips 66 Company ° 


Today's connector designers insist on connectors 
that can stand up to vapor phase and other high 
temperature soldering operations. That's why they 
insist on Ryton® PPS from Phillips 66. — 

Ryton PPS provides outstanding high temper- 
ature performance, dimensional stability, chemical 
and flame resistance. Combine these with Ryton's 
other outstanding physical and electrical properties 
and you get a resin that will increase both cost- 
competitiveness and performance capabilities. 

With Ryton PPS, you can’t go wrong.For more 
information, call today toll-free 1-800-53-RESIN. 


CB PPS 


PLASTICS WITH POWER TO WIN. 
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TL Industries VMEbus 
CPUs—100% 
MOTOROLA MVME 
COMPATIBLE 
ENHANCED PLUG-IN 
REPLACEMENTS 


e TVME 1611 (MVME 117-3 Compatible) 


Up to 4 MB DRAM 


e TVME 1612 (MVME 110-1 Compatible) 
system Control at 8 or 10 MHz 


¢ TVME 1613 (MVME 110-1 Compatible) 
Up to 1 MB Shared DRAM 


TL Industries also offers contract 


manufacturing capabilities, includ- 
ing surface mount technology, 

custom design, and software ~ 
services. Please call or write for 
more information. 


Industries Inc. 


TL Industries, Inc. 
2541 Tracy Rd. 
Toledo, OH 43619 


Call Meg Niehaus © 


1-800-227-8144 (outside Ohi) 


or 419-666-8144 
FAX 419-666-6534 
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the program adjusts component val- 
ues until the circuit most closely 
meets those goals. You can specify 
Minimax, least-squares fit, or con- 
strained optimization as goals, as 
well as the tolerance or standard 
deviation of the circuit’s amplitude 
response. You can also adjust a cir- 
cult to compensate for component- 
related parasitics or generate a cir- 
cuit with a nonstandard frequency 
response. IBM PC version, $1995; 
VA X/Unix version, $3995. 

RLM Research, Box 3630, Boul- 
der, CO 80307. Phone (303) 499- 
7566. TWX 710-111-1401. 
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SIMULATOR FOR 386 


@ Runs in real mode on 80386- 

based machines 
® Can make use of math 

coprocessors 
The IS_Spice/386 simulator pack- 
age runs in protected mode on 
80386-based machines. The pro- 
gram uses recent extensions to DOS 
that allow full access to all DOS 
functions from the protected mode, 
and it can make full use of all avail- 
able memory. According to the ven- 
dor, these features, together with 
the ability to use either an Intel 
80387 or a Weitek 1167 or 3167 
math coprocessor, allow IS_Spice 
to achieve an execution speed that 
can be as much as four times faster 
than other versions of Spice. To run 
the program, you need an 80386- 
based computer that has 3M bytes 
of 32-bit memory, a hard disk, and 
DOS 2.0 or higher. $386. 

Intusoft, Box 6607, San Pedro, 
CA 90734. Phone (213) 833-0710. 
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VHDL SIMULATOR 


@ Provides tools that simulate both 
hardware and software 

@ Has a programmable command 
language 

Endot_VHDL is a tool that uses 

VHDL (VHSIC Hardware Descrip- 

tion Language) to capture the 


structure of electronic systems, 
subsystems, and devices in a tech- 
nology-independent format and to 
simulate their behavior. The inter- 
active simulator allows the evalu- 
ation of expressions and can per- 
form graphical and statisical analy- 
sis. The package incorporates all of 
the features of the vendor’s N.2 sys- 
tem-design tools and includes a 
translator that converts the N.2 
hardware-description code into 
VHDL. It can be integrated with 
the vendor’s line of simulation- 
accelerator hardware via stimulus- 
translation and results-comparison 
tools. From $40,000 for a worksta- 
tion configuration. 

Zycad Corp, 3900 Northwoods 
Dr, Suite 200, St Paul, MN 55112. 
Phone (612) 490-2500. 
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ASIC DESIGN TOOL 


@ Provides color-graphics editing 
for ASIC design on a PC 
®@ Output can be used by a wafer 
fab to produce $100 prototypes 
L-Edit is a color-graphies editor 
that you can use to design and lay- 
out ASICs, hybrid microcircuits, 
and pe boards. The MOSIS MOS 
Implementation System at the ven- 
dor’s wafer-fab plant can accept the 
editor’s output and generate four 
packaged prototype parts at a cost 
of $100 each. The wafer fab can han- 
dle 2.3 x 3.4-mm wafers and uses 3- 
wm CMOS technology. The editor 
is menu-driven and provides mouse- 
following cursors that let you use 
any of 64 colors (including pastels) 
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and an 8 X 8-pixel matrix for stipple, 
crosshatch, and outline patterns. 
Redraw, pan, and zoom operations 
are fast because the algorithms 
don’t need to process objects that 
are not currently on-screen. To save 
further time, the program struc- 
tures data files as lists instead of 
arrays and stores them in binary, 
rather than ASCII format. Accord- 
ing to the vendor, the execution 
speed of the editor on a 10-MHz PC/ 
AT clone is four-times faster than 


that of an equivalent program run-. 


ning on a Sun 4/260 equipped with 
an accelerator. $495. 

Tanner Research Inc, 128 W Del 
Mar Blvd, Pasadena, CA 91105. 
Phone (818) 795-1696. 
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MATH-MODEL LIBRARY 


e Provides software for 16 common 

computational tasks 
© Works with MathCAD engineer’s 

problem-solving program 
The Advanced Math Applications 
Pack consists of mathematical mod- 
els that solve specific computational 
problems in conjunction with 
MathCAD version 2.0. The package 
provides software and documenta- 
tion for tasks that include first- and 
second-order differential equations, 
real and complex eigenvalues and 
eigenvectors, convolutions, polyno- 
mial least-squares fit, digital filter- 
ing, conformal mapping, diffusion, 
Laplace equations, and static equi- 
librium. You can customize any of 
the models. MathCAD lets you use 
an IBM PC or compatible as a 
scratchpad to enter and solve equa- 
tions; the graphics features allow 
the program to display your equa- 
tions in standard mathematical 
symbols. MathCAD, $395; Ad- 
vanced Math Applications Pack $40. 

MathSoft, 1 Kendall Sq, Cambr- 
idge, MA 02139. Phone (617) 577- 
1017. FAX 617-577-8829. 
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©MCMLXXXVIii Phillips 66 Company 


ASPECT™ TPPE from Phillips 66 can bring a new dimension 
to your electronic components: a thermoplastic polyester with 
outstanding processibility, excellent toughness, and superior 
long-term thermal aging. Consider the cost-efficiency and 
results you can achieve with excellent flow properties, low 
molding pressure and high temperature performance. 

Phillips 66 ASPECT™ TPPE is available in both natural and 
flame-retarded grades with two levels of glass reinforcement. It 
is the first in a line of Application Specific Thermoplastics from 
Phillips 66 that can meet your unique requirements. For more 
information about ASPECT™TPPE and the full line of Phillips 66 
Plastics, call 1-800-53-RESIN. 


(68) TPPE 


PLASTICS WITH POWER TO WIN.” 
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“EDN’S MAGAZINE AND NEWS EDITIONS 
ADDRESS THE WORLDWIDE 
LINEAR IC MARKET WE'RE AFTER.” 


Advertising in EDN Magazine and News Editions works for 
Linear Technology Corporation. It can work for you. 


402 


‘“‘When I buy EDN’s Magazine and News Editions, 
I'm buying a powerful worldwide circulation and the 
most prestigious editorial environments available. 
That's a combination that gets results,” says Bill 
Ehrsam, Vice President of Marketing for Linear 
Technology Corporation. 


Ehrsam knows industry sales for high-performance 
linear ICs are split between the United States, Western 
Europe, and the Pacific Rim. Says Ehrsam, “It’s my job 
to choose media that mirrors the world markets.” 


For complete global coverage, Ehrsam places his 
advertising in EDN Magazine Edition and EDN News 
Edition. “Linear Technology Corporation is a strong 
supporter of EDN Magazine Edition. We rely on EDN’s 
targeted coverage of the U.S. and Western Europe. When 
EDN News Edition added Pacific Rim circulation in 
December 1987, we added it to our media schedule.” 


For Bill Ehrsam, “EDN’s Magazine and News Editions 
form the cornerstone for Linear Technology 
Corporation’s media plan now and in the future.”’ 


Where Advertising Works 


Bill Ehrsam 
Vice President of Marketing 
Linear Technology Corporation 


NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


PROGRAMMER 


® Supports all types of PROMs and 
PLDs with 16 to 40 pins 
© With SMD station, supports 
LCC's and PLCCs to 68 pins 

The System 3000 uses pin drivers— 
identical, configurable driver/detec- 
tor circuits—for all device pins. As 
a result, its manufacturer claims 
that it can handle all currently 
available programmable devices 
(over 1600 types in DIPs with 16 
to 40 pins) as well as any likely to 
appear well into the 1990s. With an 
SMD adapter, it can also handle de- 
vices in LCCs and PLCCs with 20 
to 68 leads. The base configuration 
contains 2M bits of program RAM; 
you can expand it to 64M bits. A 
credit-card-size IC memory card 
contains the library of supported 
devices and programming algo- 
rithms; to update the library, you 


slip in a new memory card. With its 
own CRT display and keyboard, the 
programmer can stand alone; but its 
two RS-232C ports, [EEE-488 
port, and handler interface facili- 
tate connecting it to other equip- 


ment. $9495; additional RAM, $500/ 


2M bits; SMD adapter, $2900. 
Stag Microsystems Inc, 1600 
Wyatt Dr, Santa Clara, CA 95054. 
Phone (408) 988-1118. 
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100-MHz SCOPE 


@ Displays many setup parameters 
on screen 
@ Uses cursors to measure voltage, 
time, and frequency 
The 2100R is a 100-MHz bandwidth, 
3-channel oscilloscope. It displays 
such setup parameters as scale fac- 
tor, input coupling, vertical mode, 
main and delayed sweep times, and 
trigger-control settings in alphanu- 
meric form on its CRT. In addition, 
by manipulating cursors on the dis- 
play, you can obtain on-screen nu- 
meric readouts of voltage, voltage 
ratios, time, time ratios, frequency, 
and phase. The scope has many 
triggering and syne modes, and it 
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offers an automatic timebase mode 
that displays several cycles of an 
input waveform. Maximum sensi- 
tivity is 0.5 mV/div. A rear-panel 
channel-1 output facilitates connec- 
tion of additional instruments, such 
as a frequency counter. $2195. 
Leader Instruments Corp, 380 
Oser Ave, Hauppauge, NY 11788. 
Phone (516) 231-6900. TWX 510- 
227-9669. 
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68000 EMULATOR 


@ Emulates 68000 at 16.7 MHz with 
zero wait states 
@ Works with VAX, Sun, Apollo, 
and IBM PC hosts 7 
The ES 1800 16.7-MHz probe mod 
ule allows the vendor’s ES 1800 in- 
circuit emulator (ICE) to emulate 
the 68000 wP with zero wait states. 
The ICE works with VAX, Sun, 
Apollo, and IBM PC, PC/XT, PC/ 
AT, and compatible hosts. It allows 
program control by breaking on any 


combination of address, data, 
status, pass-counter, and logic-state 
fields. An optional SCSI interface 
transfers data to and from the host 
at much higher rates than the stan- 
dard RS-282C interface. A C lan- 
guage source-level debugger works | 
with all of the above-named hosts 
except those made by Apollo. ES 
1800 16.7-MHz probe module, 
$4095; ES 1800 ICE, from $11,000. 
Applied Microsystems Corp, 
Box 9702, Redmond, WA 98078. 
Phone (800) 426-3925; in WA (206) 

882-2000. TLX 185195. 
Circle No 437 
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EMULATOR INTERFACE 


© Provides windowed displays and 
pull-down menus 
@ Works with the vendor’s 1n-cir- 
cuit emulator 
ICEview graphical-interface soft- 
ware works with the vendor’s 
I2ICE in-circuit emulator that sup- 
ports real-time testing and debug- 
ging of the 8086, 8088, 80186, 80188, 
and 80286 Ps at speeds to 10 MHz. 
The graphical interface, which 
works with monochrome displays as 
well as color displays that support 
the CGA and EGA standards, pro- 


EL. ak FE 


AN 3D 


vides pull-down menus that simplify 
access to application information 
and emulator functions. With the 
interface, you can open and main- 
tain windows for display of applica- 
tion source code, execution-trace 
data, and register contents. You 
can view data by stepping through 
programs, or you can observe data 
as it changes at breakpoints. $495, 
until December 1988. 

Intel Corp, Box 58065, Santa 
Clara, CA 95051. Phone (800) 548- 
4725. 

Circle No 438 


INSTRUMENT SOFTWARE 


@ Runs on Macintosh II, SE, and 
Plus computers 

@ Allows instrument control 
through virtual front panels 

Version 2.0 of Labview is a graphi- 

cal programming system that runs 

on Macintosh II, Plus, and SE com- 

puters. In addition to facilitating 
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PHILIPS 


VERTIC 


& tie 8 farmet Contrets functions 


data analysis, the software’s on- 
screen virtual front panels let you 
control instruments interfaced to 
the serial ports of slotless comput- 
ers via IKEE-488 buses generated 
by external controllers. If you use 
a Macintosh II, the software sup- 
ports color displays and lets you 
control instruments resident on 
cards that plug into the Nubus. Un- 
like what occurred with earlier ver- 
sions, data acquisition and process- 
ing continue while you work with 
on-screen pull-down menus and dia- 
log boxes. Furthermore, a graphi- 
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cal-language compiler speeds per- 
formance of computation-intensive 
functions by a factor of as much as 
60. $1995. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 438-3488. TLX 756737. FAX 
512-250-0382. 

Circle No 439 


ASIC VERIFIER 


@ Achieves high fault coverage on 
scan-path-designed IC's 
e@ Expands to 1792 pins in 128-pin 
increments 
The Scanmaster DV-6005 is an un- 
usual design-verification system for 
ASICs. It tests devices that con- 
form to scan-path design rules. The 
vendor claims that, regardless of a 
device’s gate count, the tester can 
identify all stuck gates and can thus 
provide complete fault coverage on 
the most complex devices. In addi- 


tion to functional verification, the 
system measures dec parameters. To 
test the dynamic (ac) properties of 
an IC, the system uses a “scan-ring” 
technique—it interconnects the 
scan circuits’ inputs and outputs to 
form a free-running oscillator whose 
oscillation frequency is a measure 
of the device’s speed. The system 
is based on an IBM PC/AT-compat- 
ible computer. It is modular in in- 
crements of 128 pins and can accom- 
modate 1792 pins. Each module can 
contain four scan generators. The 
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PS Overdrive 


isten your seatbelt! There’s a whole 
2w way to go to work: Philips’ 

GHz PM 3340 and 200 MHz 

Vi 3320A digital oscilloscopes. 


illy-programmable measuring sys- 
ms, each model features the power 
two, 32-bit micros plus a discrete 
‘ocessing unit. With pushbutton 
mplicity, they capture, process and 
ialyze waveforms so fast you’d 

vear they’re real-time instruments. 


\ST 

Ceptionally versatile, the PM 3320A 
‘Ips you see it all, whether it happens 
Ice Or repetitively: 


10 MHz bandwidth 

10 MS/s single-shot sampling rate 

ns glitch capture 

)-bit vertical resolution 

ywerful measurement, processing and 
lalysis facilities 
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FASTER 


For repetitive signal capture in high speed 
applications, the PM 3340 offers a whole 


new dimension in accuracy and resolution: 


= 2 GHz bandwidth with 1 mV/div sensitivity 
« Full range triggering up to 2 GHz 

«High 1.6 V dynamic range 

« Comprehensive measurement, processing 


and analysis facilities 
SHIFT INTO HIGH GEAR 


If you aren't looking at Philips digitizing 
scopes, there’s a lot you're missing. Call 
your Fluke representative for a test drive 
you won't believe. 
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maximum scan memory has 256M 
bytes. From $125,000. Delivery, 60 
days ARO. 

Gillytron Inc, 2150 Bering Dr, 
San Jose, CA 95131. Phone (408) 
435-3043. FAX 408-435-5089. 

Circle No 440 


RECORDER 


@ Provides digital or chart recorder 
output 
@ Accepts plug-in front-end mea- 
surement instruments 
The Model 520 data-acquisition and 
recording system accepts a range 
of plug-in front-end instruments 
and produces digital or pen-re- 
corder trace outputs. The front-end 
instruments, which digitize input 
signals at 30 readings/sec, include 
a 15-bit de measurement module, a 
15-bit DVM module, a 13-bit DMM 
module, a thermocouple lineariza- 
tion module, and a 100Q PRT (plati- 
num resistance thermometer) mod- 


Moa SOR UE Me EB oNe aT 


John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, 


Everett, WA. 98206 


U.S.: 206-356-5400 CANADA: 416-890-7600 
OTHER COUNTRIES 206-356-5500 


© Copyright 1988 John Fluke Mfg. Co., Inc. 
All rights reserved. Ad No. 0881-P3320 


PM 3320A * PM 3340 « DIGITAL STORAGE SCOPES 


FLUKE 
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ule. The recorder can preprocess 
measured data and output it in digi- 
tal form over optional IEEE-488 or 
RS-232C interfaces. In addition, 
you can plot the data on the unit’s 
integral 10-in., 2- to 8-pen chart re- 
corder. The chart recorder has 0.1% 
nonlinearity, a +0.2-dB frequency 
response of 1.5 Hz, and a 10 to 90% 
full-scale-deflection step response of 


What you can’t see 
is the experience. 


Go ahead, look closely. Oak 
Micromotion membrane switch 
panels invite your rigorous 
inspection. From every angle, 
the quality is apparent. Colors are 
crisp, clean, and to your specifi- 
cations. Graphics are exact. 
Options such as texture, LED’s 
and tactile feel are just as you 
require. 


And while you can feel the 
quality, you can’t see Oak’s 
more than 50 years of switch 
manufacturing experience. 
But you can sense it from 
the moment you call. You 
immediately Know you’re 
talking with professionals, 
people who know 
the demands of indus- 
trial and commercial 
environments. 


Take a good look at 
Oak Micromotion 
membrane switch 
panels. You'll see high 
reliability, unlimited 
graphic design options, 
competitive prices and — 
fast delivery. You might 
not see the experience, | .eNXO)}ee 
but the quality tells aaa 
you it’s there. 
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200 msec. It features trace annota- 
tion, trace overlap, retrace, and ex- 
ternal synchronization facilities. 
The Model 520 is portable and oper- 
ates from 110 or 220V ac line sup- 
plies or from a 10 to 32V de supply. 
Options include an alarm module 
that detects and flags out-of-limit 
input signals. From £3500. 
Kontron Elektronik, Oskar-von- 
Miller-Strasse 1, 8057 Eching, West 
Germany. Phone (08165) 707103. 
TLX 526719. FAX (08165) 707113. 


Circle No 455 

Kontron Electronics Inc, 630 

Clyde Ave, Mountain View, CA 

940389. Phone (415) 965-7020. TWX 
910-878-5207. FAX 415-965-3505. 

Circle No 441 


C AND L METERS 


@ Add measurement functions to 
DVMs 
@ Measure nanohenries and 
femtofarads 
The C-200 and L-200 are 3% x 5%- 
in., 9V-battery-powered units that 
respectively add capacitance- and 
inductance-measuring capabilities 
to digital voltmeters. When used 
with a 5'4-digit meter, the C-200 
can measure capacitances as small 
as 1 femtofarad and as large as 2 
wf. With the same DVM, the L-200 
can measure inductance from 1 nH 
to 2H. The ac signals the units ap- 
ply to the component under test re- 
peat at 200 kHz. The C-200 applies 
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SIEMENS 


We’ re still growing rapidly and are now looking f ae ir JU 
Send today for details and our catalog. 


ire an 


* 3” 5MHZz; Trig, 3”, 10MHz; 5”, 5MHz, 9” Monitor GSG-120 

* 6” Dual 20MHz, 40MHz with delayed line & Sweep. * Freq. Range: 100KHZ-110MHzZ 

~~ * Output Level: —19dBU — +99dBU 

* Freq. Mod.: 0-100KHZ 

* AM Mod.: 0-60% 

* Micro Processor 
Controlled 


* 110MHZ, 13MHZ, 5MHZ, 2MHZ LCR-815 


* Digital/Counter/Sweep/ eee Ee * Test Range: L 0.1UH-1999H; C 0. 1PF-19.99MF, 
Pulse type a sae R1m — 19.99MN | 

* Accuracy: 
0.2% Basic 

* Test Freq.: 

120HZ, 1KHZ 
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GOOD WILL INSTRUMENT CO., LTD. 


No. 18, Lane 54, Chung-Cheng Rad., Hsin-Tien City, TOKYO BRANCH: 
Taipei Hsien, Taiwan. R.O.C. 2/F, Kumakura Bidg., 5-4-4 Ueno 
Tel: 886-2-9179188 (15 lines) Fax: 886-2-9179189 Taito-Ku, Tokyo, Japan 


Cable: ‘““GWINST” HSIN TIEN Telex: 32518 GWINST Tel: (03)835-3355 Fax: (03)835-3446 
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CARDS FOR PC/AT 
* 386 Main Board (w/80387 function) 
* AT M/B 6/8/10/12MHz, w/RS232 
* Baby AT M/B 6/8/10/12MHz, w/RS232 
* SUNTAC Baby AT 
NEAT Baby AT 
E.G.A. Card (2/4 layers) 
V.G.A. Card 
HD/FD Controller Card 


CARDS FOR PC/XT 

* 8MHz Turbo (2/4 layers) 

* 10MHz Turbo (2/4 layers) 

* Mini XT Turbo, 4.77/8/10MHz 
* Speed Card 

* MGP/CGP 

* Multi I/O Card 


OUR PRODUCT LINE INCLUDES: 
* Double-Sided PCB’s 
* Multilayer PCB's (4 to 8 layers) Manufacturer & Exporter 


GOOD FOLD ENTERPRISE CO, LTD 
Head Office: 

2nd Fi., No. 392, Tun-Hwa S. Rd., Taipei, Taiwan, ROC 
Telex: 13323 GOODFOLD Fax: 886-2-7723407 

Tel: (O02) 752-6670 (6 lines) 


WE CAN SUPPLY C.K.D. 
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DC-DC CONVERTERS /5-80 WATTS 


We offer a wide selection of standard products 
and custom devices. Whatever your specificat- 
ions are, KEIC has the technology and exper - 
‘fence to provide quality custom magnetics and 
power sources at the competitive price. KEIC 
has been working with customers in solving 
design problems for over 15 years. For more 
information, please contact us today. 


ELECTRICAL CHARACTERISTICS | SPECIAL“FEATURES 
# WIDE RANGE OF INPUTS: 8-12V 19-36V, 36-63V _ ENCAPSULATED — = 
+ STANDARD & CUSTOM OUTPUTS: + PLASTIC/METAL CASED er 


SA 804515 


STANDARD: +5V, +8V, +12V +15V ¢ DUAL/SINGLE OUTPUTS ee 


¢ EFFICIENCY: 78% UP ¢ 100% PARAMETER TESTED 
¢ SWITCHING FREQUENCY: FROM 100KHz ¢ 48 HOURS BURN-IN 


# PROTECTIONS: SHORT CIRCUIT ¢ MTBF 200,000 HOURS 
OVER CURRENT # OME YEAR WARRANTY 
INPUT REVERSE VOLTAGE « CUSTOM DESIGN 

¢ LINE/LOAD REGULATION: 0.5% MAX. # HIGH POWER DENSITY 

¢ INPUT/OUTPUT ISOLATION: 500VDC MAX. ¢ MINI SIZE FOR PCB MOUNTING 


¢ RIPPLE & NOISE: UNDER 50mvp-p, @ SIZE OPTIONAL (STANDARD SIZE: 
f0mV RMS (AT 20MHZ BAND-WIDTH) 72x 69x225mm FOR 25W) 


ee KINGDATRON ELECTRONIC 


KeEIC, INDUSTRIAL CO., LTD. 
380, PAI-LIN 5TH RD., PEI-TOU, 


ee TAIPEI, TAIWAN, R.O.C. TEL: (02) 821-3191 ~5 
TELEX: 27069 KDATRON FAX: 886-2-8212200 
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The First 1ECQ Electro-Mechanical Switches 


IEC recognized the quality of Circuitboy, a nitKkai switch for very 
smalbrating...Circuitboy is the first Electro-Mechanical switch in 

the world to receive quality recognition after strict testing in 
accordance with requirements on IECQ (Quality Assessment 

System for Electronic Components). All the 23 IECQ member 

countries accept the nikkai Circuitboy series A&B without any . 
additional tests. 


* For more information, please write to: 


MARQUARDT - . ide B Series 


Marquardt GmbH,D-/7207Rietheim-Weilheim Australia STC-Cannon Components (PTY.) Ltd. Phone: (03)555-1566 Telex: AA30877 


* ‘i Denmark Tage Olsen A/S. Phone: 2/65 8111 Telex: 35293 TOAS DK. 
Tel: (07424)"707-0 Telex: 760411 MARQ D Finland Perel Oy. Phone: 914-21600 Telex: 15117 Perel SF. 


Great Britain Lucas-NSF Limited Phone: (0535)661144 Telex: 51270 ENESEF G. 
# = Hong Kong S&T Enterprises Phone: 5-784921 Fax: 852-5-807-0256 
india Bells Controls Limited Phone: (Mysore)26772 Telex: 846255 
«4 italy Kevin S.R.L. Phone (02)40 71 438 Telex: 325239 KEVIN | 
Korea Bosung Hwarim Co., Ltd. Phone: 02-739-5719 Fax: 02-732-5158 
Netherlands Nijkerk Elektronika B.V. Phone 020-5495969 Telex: 11625 NESCO NL 
NIHON KAIHEIKI IND. CO., LTD. Norway Elektronix A/S Phone (02)559050 ‘Telex: 72738 ELNIX N 
Sweden Stigab/Stig Odlung AB Phone: 08/97 0990 Telex: 12496 STIGAB S 
Tokyo, Japan. Phone: (03) 774-0611 Switzerland Bert Limited Phone: 01/391 56 30 Telex: 816906 INVAG CH 


Telex: 0246-6949 NIKKAI J Taiwan Big-Hon Corporation Phone: 02-561-0851 Fax: (02)542-0404 
Fax: 038-778-3952 North America) NKK Switches of AmericaINC. Phone: (602)991-0942 
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DEVELOP NEW PRODUCTS. 
*WE’VE FACILITIES AVAILABLE 
FROM DESIGN & MOLD-MAKING 


TO STAMPING, INJECTION & 
ASSEMBLY. 


CERMARK INTERNATIONAL CORP. 
AFL., NO. 22, LANE 34, TUNG HSING ST. 

NAN KANG, TAIPEI, TAIWAN, R.O.C. 

P.O. BOX: “274” NAN KANG TAIPEI 

TEL: 7865961, 7853374 

TLX: 25819 GOLDLINK 

FAX: 886-2-7868369 

MANUFACTURER: 

HSINMARK INDUSTRY CO., LTD. 
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Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 
per published magazine page. 


EDN publishes how-to design application information that is read by more than 
157,500 electronics engineers and engineering managers worldwide. That’s an 
audience that could belong to you. 


If you have an appropriate article idea, send your proposal and outline to: 
John Haystead, 275 Washington Street, Newton, MA 02158-1630. 


For a FREE EDN Writer’s Guide—which includes tips on how to write for EDN 
and other technical publications—please circle number 800 on the Information 
Retrieval Service Card. 


First in Readership among Design Engineers and 
Engineering Managers in Electronics. 
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Tel: 188629178782, - Telex: 35265 SENSOR Fou 886-2-9178743 
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44 mm tall Instrument Case. 


Features useful grooves. 


MICROBOX, 


1 DESKTOP or 19” std. rack 
mountable models in stock. 


A wide variety of 
grooves to reduce 
your assembly steps. | Recaro 


Actual size 


Special sizes and screen printing on request. 


44 mm Two different 
height frontpanel 


Representatives: 

options. 
Finland. Perel Oy. Tel: 914-21600. 
Denmark. Multikomponent Tel: 02-45 66 45. 
Belgium. ISI SPRL/PVBA. Tel: 02-660 1447/1356. 
Switzerland. Altrac AG. Tel: 01-741 46 44. 
Netherlands. Amroh B.V. Tel: 02940-153 50. 
Austria. SRS GmbH. Tel: 0222-872 511. 

Portugal. Nova Zeta 3. Tel: 01-537 563. 
E 44 EE 44 Great Britain. Radiatron Components Ltd. 


Tel: 01-891 1221. 
West Germany. 


sat oon Agents Wanted. 
see U munich 
sjeotrorie4 BLS: powerbox 
pall pee Sweden. Tel: 0158-11920. Telefax 0158-11920. Norway. Tel: 02-53 58 37. Telefax: 02-58 03 70. 


USA. Tel: (303) 444 1461. Telefax: (303) 4443135. Australia. Tel: 02-476 4211. Telefax: 02-476 2254. 
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2V max, and the L-200 forces 5 mA 
max into the component. C-200, 
$149; L-200, $199. 

I.M. Instruments, 776 Colborne 
St E, Brantford, Ontario, Canada 
N8S 381. Phone (519) 756-3770. 
FAX 519-759-1547 
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MULTIPOINT RECORDER 


® Records 30 simultaneous inputs 
m 3 sec 
®@ Can resolve 1 pV over 10-in. 
chart 

The PM 8238 multipoint data re- 
corder records as many as 30 simul- 
taneous inputs in 3 sec. At its maxi- 
mum sensitivity, it can resolve sig- 
nal changes as small as 1 pV any- 
where on its 10-in.-wide chart. Zero 
suppression lets you put the signal 
range of interest on the chart, and 
the wide range of transport speeds 
lets you display data so that you 
can interpret it. The recorder ac- 
cepts 2-, 3-, and 4-wire transducer 
outputs. Plug-in memory modules 
store range, span, linearization, and 
chart-speed settings and allow you 
to quickly recall instrument setup 
conditions. Thermal printing elimi- 


nates problems associated with ink- | 


writing systems. $5500; industrial 
version with full-size front door, 
$5950. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 443-5853 Ext 77; in WA, (206) 
347-6100. TLX 185102. 

Circle No 443 

Philips Test and Measurement, 
Bldg HKF, 5600 MD Eindhoven, 
The Netherlands. Phone local of- 
fice. 

Circle No 444 
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What Analog 
CAE Stress Analysis 
System Won't Let | 
Your Work Come Back 


to Haunt You? 


To find out, turn the page. 


eee eee 
Be An Author! 


When you write for EDN, you 
earn professional recognition. 
And you earn $75 per published 
magazine page. 


EDN publishes how-to design 
application information that is 
read by more than 157,300 elec- 
tronics engineers and engineer- 
ing Managers worldwide. That’s 
an audience that could belong 
to you. 


If you have an appropriate arti- 
cle idea, send your proposal and 


outline to: John Haystead, 275 
Washington Street, Newton, MA 
02158-1630. 


For a FREE EDN Writer’s Guide 
—which includes tips on how to 
write for EDN and other techni- 
cal publications—please circle 
number 800 on the Information 
Retrieval Service Card. 
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First in Readership among Design 
Engineers and Engineering Managers 
in Electronics. 
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“STATE OF THE ART” 
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“Imagination is more important than knowledge” 
... Albert Einstein 
Polytronix professionals are using their 
collective imaginations and advanced 
academic qualifications to develop 
new liquid crystal applications. People 
rely on Polytronix for enthusiasm, 
innovation and new solutions. 


LEADING THE WAY in bisPLay recHMDIGH 
POLYTRONIX, INC. 


805 ALPHA DR. - RICHARDSON, TX 75081 
214/238-7045 + FAX 214/644-0805 
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New Precision Pulse Generator 


~1,103510101 
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Four Channels, 5 ps Resolution, 
and GPIB Interface...Price: $2995 


TIMING IS EVERYTHING 


Your critical timing problems are 
over. No more worries about drift, 
jitter, or control. The DG535 Preci- 
sion Pulse Generator has four 
delay channels (two pulse out- 
puts), each with a 1OOO second 
range and 5 ps resolution. The 
four independent delays specify 
two variable-width pulse outputs. 
With only 50 ps jitter and accu- 
racy down to 1 ppm (option O3), 
the instrument can handle the 
most demanding applications. 
The internal trigger may be pro- 
grammed from 0.00] Hz to 1OOO 
MHz, or operated in single-shot or 
burst modes. Output levels are 
continuously adjustable or may 
be set to TTL, NIM, or ECL levels. 
High impedance or 50 Ohm 
loads can be driven with a slew 
rate of 1 V/ns. Optional rear panel 


outputs generate pulses to35 volts. 


EASY TO USE 


The delay and output levels for 
each channel may be entered 
numerically or modified by cur- 
sor keys on the backlit LCD dis- 
play. Delays may be linked to- 
gether so that as one moves, the 
other follows. Up to nine instru- 
ment settings may be stored in 
nonvolatile RAM for later recall, 
and, of course, all of the instru- 
ment’s functions may be con- 
trolled via the GPIB interface. 


A GENERATION AHEAD 


The DG535's precision, accuracy, 
range, and versatility make it the 
solution to all your timing needs, 
at a price that will meet your 
budget. Call us today for more 
information. 


FEATURES AND PERFORMANCE 
e Four Delay Outputs 

e Two Variable-Width Outputs 
e Times from O to 1000 sec. 

e 5 ps Resolution 

e 50 ps rms Jitter 

el ppm Accuracy (Option O03) 


e Internal or External 
Timebase 


e Internal, External, Single-Shot, 
or Burst Mode Triggers 


e Frequency Synthesized 
Rate Generator 


¢ Variable, TTL, NIM, and 
ECL Outputs 


¢ Optional + 35 Volt Outputs 
e GPIB Computer Interface 


FRANCE GERMANY JAPAN UNITED KINGDOM 

Optilas Spectroscopy Instruments Tokyo Instruments Seki and Company Lambda Photometrics Speirs Robertson 
c.e. 1422 Carl Benz Strasse ll Koizumi Building 1-2-6, Nihonbashi Ningyocho Lambda House, Batford Mill Moliver House, 
91019 Evry Cedex D-8031 Gilching 6-10-13-403 Nishikasai Chuo-ku, Tokyo 103 Harpenden, Herts AL5 5BZ Oakley Road 


60.77.40.63, TLX 600019 O 8105/5011 TLX 523862 Edogawa-ku, Tokyo 134 


O3 (686) 4711, TLX J326463 


O3 (669) 4121, TLX J24419 05827/64334, TLX 825889 Bromham, Bedford 


02302/3410, TLX 825633 


Stanford Research Systems, Inc. 
1290 D Reamwood Avenue, Sunnyvale, CA 94089, TLX 706891 SRS UD, FAX 4087449049, TEL (408) 744-9040 
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INDUSTRIAL DMMs 


®@ Survive 10-ft drop onto concrete 
@ Indicate measured value, using 

audible tone 
The HD151, HD152, and HD153 
31/2-digit autoranging DMMs sur- 
vive a 10-ft drop onto a concrete 
surface. The meters, each of which 
is about the size of two cigarette 
packages placed end to end, carry 
a five-year warranty against the en- 
try of contaminants. The instru- 
ments differ primarily in basic accu- 
racy (for dce-voltage measure- 
ments—0.7, 0.5, and 0.25% plus one 
count for the HD151, HD152, and 
HD158, respectively). The meters 
include “sky hooks” that, according 
to the vendor, enable you to hang 
them “virtually anywhere.” On the 
HD1538, a V/F converter drives a 
small loudspeaker that produces a 
tone whose pitch is proportional to 
the measured value. This audible 
indication of the measured value 
permits use of the meters in situ- 
ations where the LCD display is 
hidden. HD151, $149; HD152, $169; 
HD153, $199. 

Beckman Industrial Corp, 3883 
Ruffin Rd, San Diego, CA 92123. 
Phone (619) 495-3200. TLX 249031. 
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ELECTRONIC LOAD 


@ /s programmable for 0 to 10A 
load currents 

© Employs internal batteries to 
avoid common mode problems 

Suitable for power supply testing, 

the Powerload-50 electronic load 

has a continuous maximum load rat- 

ing of 50W. It accepts de input volt- 
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What An log” : - > 
CAE System Red uc eS 
The Risksin 
Deciding to Release 
Your Design? — 


To find out, turn the page. 


the unlimited design benefits of miniature metal tubing. 


design benefits number 329 and 330 


BENDING/COILING 


Need more space in your package? More surface area? 
Looking for mechanical or thermal expansion/contraction 
properties? The bent or coiled tube can give this to you 
within your exacting specification. And we can put holes, , 
notches and other problem solving operations into those / 
same tubes. Send for our ideas booklet or call our design, 
experts at 1-800/321-6285. 


O@. UNIFORM ruses. inc. 
Collegeville, PA 19426-0992 © Telephone: 215/539-0700 


T > | TWX: 510-660-6107 © Telex: 84-6428 ¢ FAX: 215/489-1150 
Uw 2 In Europe: UTI U.K. 983-404049 ¢ Telex: 869441 UTIUK G 
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“A SINGLE AD IN EDN NEWS EDITION 
GENERATED AN INQUIRY LEADING 
TO A $2 MILLION OPPORTUNITY!” 


John Poturny, President Fred Silver, Director of Marketing 
Poturny & Associates Rantec 
Northridge, CA Chatsworth, CA 


Advertising results. Agencies want them. Clients need them. 


“When I was on the client side, I demanded sales results from my 
advertising dollars,” says John Poturny, President of Poturny & 
Associates. ““Today I’m on the agency side, and I expect the same for 
my clients — advertising that generates sales.” 


Advertising results. A publication must provide them. 


“After running ads in EDN News Edition, our phones ring and proposal 
activity soars immediately for our military power supplies,” says Fred 
Silver, Director of Marketing at Rantec, a division of Emerson Electric. 


Advertising results. For Poturny & Associates and Rantec, EDN News 
Edition gets them. 


“We traced prototype orders worth $2 million in sales to a lead 
generated by our ad in EDN News Edition,” said Silver. 


Both Silver and Poturny agree about the power of EDN News Edition, 
“it gets results.” 


John Poturny 


Fred Silver 


oo 


* 5 
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EDN News Edition works for marketing 
communication partners, Poturny & 
Associates and Rantec. It can work for you. 


EIDIN 


Where Advertising Works 


INSTRUMENTS 


you to program the load current to 
any value between 0 and 10A. An What Analog 
external programming input lets 
in panel meters monitor the load 3 : 
current and voltage, and a 0 to 1V @ 
analog output allows you to monitor ptimization 
equipment. The unit has built-in re- 
chargeable batteries so that you can 
@ 
avoid problems caused by common- Easier ? 
mode currents. The Powerload-50 
of 0 to 40°C and is protected against 
overtemperature conditions by a 
135 X 220-mm (5.2 x 5.3 X 8.7-in.). 
Around $465. 
Gnesta, Sweden. Phone (0158) : 
11920. TLX 11502. FAX (0158) To find out, turn the page. 


ages between 3 and 75V and allows 
you control the load current with a C AE S M k 
0 to 10V analog input signal. Built- ystem a es 
the load current using external f Y D e 
operate it as a stand-alone unit to 
has an operating temperature range 
thermostat. It measures 132 x 
Powerbox AB, Box 148, 15400 
11811. 


Circle No 446 

Powerbox Inc, 1503 Spruce St, 

Boulder, CO 80302. Phone (303) 
444-1461. FAX 303-444-3135. 

Circle No 447 


LOGIC ANALYZER 


® Clocks 8 channels at 100 MHz or 
24 channels at 25 MHz 

@ Uses IBM PC for control and 
data storage 

The R8200 logic-analyzer periph- 

eral for IBM PCs and compatible 

computers provides 8 channels at 

100 MHz, 16 channels at 50 MHz, 

and 24 channels at 25 MHz. The in- 
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Now You Can Make 
Important Component Selection Decisions 
Faster and Easier 


than You Ever Imagined! 


LATfics 


INTRODUCING CAHNERS 
CAPS, AN ALL-NEW. 
PRODUCTIVITY-BOOSTING 
ENGINEERING TOOL THAT 
AUTOMATES, ACCELERATES. 
AND OPTIMIZES THE 
SELECTION OF INTEGRATED 
CIRCUITS AND 
SEMICONDUCTORS. 


Imagine having up-to-date information on 
more than 400,000 devices from over 250 
manufacturers worldwide at your fingertips. 


Think about instantly accessing crisp, clear, 
unabridged images of manufacturers’ 
datasheets, with the same text, tables, and 
graphics found in the printed versions. 


Consider applying the power of menu- 
driven parametric searches that can identify 
ICs which conform to your specifications. 


This is CAPS. It’s new. It’s different. And it 
gives you the information you need to make 
critical component selection decisions. 
Available on a subscription basis so it’s always 
up to date, CAPS comes complete with all 
the hardware and software you need to 
install CAPS on your personal computer. 
CIRCLE NO 233 


Learn more about how CAPS can take the 
drudgery out of your component selection 
process. Call or write: 


CA: TA BE RS 


puter Aide 
Product Selection 


Cahners Technical Information Service 
275 Washington Street 

Newton, Massachusetts 02158-1630 
Telephone: 617-964-3030 

Telex: 940573 

Facsimile: 617-964-5490 

Toll Free: 1-800-245-6696 
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TEST & MEASUREMENT INSTROMENTS 


plugs into the PC bus as well as 
an externally mounted unit. The 
analyzer performs both timing and 
state analysis. Its memory depth is 
8k words/channel. You can store 
logic patterns on disk and retrieve 
them, and you can “zoom in” on seg- 
ments of stored patterns. $1995. 
Rapid Systems Inc, 483 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. TLX 265017. 
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PC-BASED TESTER 


@ Measures dc volts and ohms 
@ Provides two programmable volt- 
age outputs 

The SYS-127 is a de and digital test 
system based on a PC that you pro- 
vide. It includes a 4’4-digit 
autoranging volt/ohmmeter, a pair 
of independently programmable 
voltage sources whose output var- 
ies over the +10.5-volt range with 
20-~V resolution, 21-bit parallel 
digital I/O, and three 8-bit parallel 
control ports for interfacing to logic 
or relays. You can use the system 
to test components, modules, and 
circuit boards. To make data dis- 
plays and print-outs easier to inter- 
pret, you can make the values as- 
sumed by either source output or 
the 21-bit digital port appear as the 
X coordinate of an X-Y display; 
measured values appear along the 
Y axis. The supporting software’s 
“learn” mode enables the creation 
of test sequences without program- 
ming. $2750. 

Audio Precision, Box 2209, 
Beaverton, OR 97075. Phone (800) 
231-7350; in OR, (508) 627-0832. 
TLX 283957. 

Circle No 449 


EDN October 27, 1988 


LOGIC ANALYZER 


® Uses LCD; weighs 7 lb; operates 
from ac or battery 
© Samples 16 channels at 10 MHz 
The PLA-8300 is a 16-channel logic 
analyzer with a liquid-crystal dis- 
play. It weighs 7 lb and operates 
from ac or internal batteries. The 
unit can sample data at 10 MHz, 
and it has 256 bits/channel of acqui- 


Only the Analog Workbench’ 
Takes the Guesswork Out 
of Your CAE Design Work. 


Analog Workbench is the industry’s best-selling analog 
design tool. Not because we get the basics right, although we 
do. Because we do more to help the designer do a better job. 


No one else offers Smoke Alarm, stress analysis that 
heads off premature component failures. The Statistics option, 
production yield analysis that gives you the most cost effec- 
tive parts combination. And Parametric Plotting, which shows 
you the effect of varying one or more components or envi- 
ronmental conditions with a single setup. 


Why not call 1-800-ANALOG-4 and ask for a free Demo 


Disk or Video? Because in analog design, guesswork gets in 
the way of good work. 


7 


DESIGN 
TOOLS 


1080 E. Arques Ave., Sunnyvale, CA 94086, 1-800-ANALOG-4 or 408-737-7300 
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TEST & MEASUREMENT INSTRUMENTS 
SSS 


sition and reference memory. The 
contents of these memories remain 
intact when power is off; an auto- 
matic power-shutdown feature ex- 
tends battery life. The analyzer 
performs state, timing, and signa- 
ture analysis. It also captures 15- 
nsec-wide glitches and triggers 
when it detects a glitch. The unit 
includes an IEEE-488 interface. 
$2495. 

Primeline, Box 670, San Fer- 
nando, CA 91341. Phone (800) 525- 
o004; in CA, (818) 365-0101. TLX 
4943094. FAX 818-365-7839. 
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LOGIC ANALYZER 


© Performs 32-channel state and 8- 
channel timing analysis 

@ Uses IBM PC for data storage 
and control 

The PCLA-32 logic analyzer per- 

forms 32-channel state analysis and 

8-channel timing analysis in con- 


junction with an IBM PC or a com- 
patible computer. For timing analy- 
sis, you can set the sampling period 
from 10 nsec to 1 msec and store 
8118 samples/channel. The unit can 
detect glitches whose duration are 
at least 6 nsec. For state analysis, 
the minimum clock period is 40 nsec 
and the storage depth is 2047 sam- 
ples/channel. State-machine trig- 
gering with 15 states utilizes eight 
comparators whose outputs you can 
logically combine; occurrence count- 
ers for each state can count to 2064. 
Disassemblers for popular pPs al- 
low on-line debugging. You can de- 
fine the symbols that appear in 


trace listings. The trace function 
will operate once or will repeat until 
the trace buffer contents become 
equal to (or not equal to) the con- 
tents of a reference memory. $2000. 
Nobel Systems, Box 13083, La 
Jolla, CA 92038. Phone (619) 452- 

3208. FAX 619-457-0579. 
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PC-BASED INSTRUMENTS 


© Make PC into 41/2-digit DMM 
and function generator 
® Accept English-language com- 
mands 
The PCIP-DMM 5-function, 41/2- 
digit multimeter has isolated inputs 
and 0.03% basic error. The PCIP- 
SST 1-Hz to 5-MHz sine/square/ 
triangular-wave generator provides 
limited operation to 10 MHz. Both 
are on cards that plug into the IBM 
PC bus. You program both instru- 
ments using English-language com- 
mands. For example, the command 


414 


i BER TAN associates, inc. 
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Bertan Associates is uniquely qualified 
to produce custom high voltage power 
supplies and systems for demanding 
OEM applications. 


Our professional engineering staff and 
modern manufacturing facility, equipped 
with the most advanced design and 
analytical tools, will tailor a high voltage 
power supply or system to your specific 
needs. 


Call our applications engineers for 


information on how we can meet your 
requirements. 


Capabilities Include 


e AC to DC / DC to DC 
e Single/Multiple Outputs 
e Linears/Switchers 

e Custom Interfacing 

e UL/CSA/VDE 

e IEEE-488 Control 

e Programmable 

© Quantity 10 to 10,000 


Also send for new free color catalog. 
Phone (516) 433-3110 
TWX 510-221-2144 


FAX 516-935-1766 
121 New South Rd., Hicksville, NY 11801 
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“WE'VE GAINED MAXIMUM EXPOSURE 
WITH THE PRODUCT MART SECTIONS 


OF EDN MAGAZINE AND EDN NEWS!" 


Cosette Trautman-Scheiber 
Marketing Manager 
SMT Plus, Inc. 
San Jose, CA 
Cosette Trautman-Scheiber is the marketing 
manager for SMT Plus, Inc., a two-year-old com- 
pany that provides surface-mount designing, 


assembling, and education services. 


Cosette has watched SMT Plus triple its sales in 
the last year. ““We have a small advertising budget, 
and as a growing company, visibility is important. 
We need to reach the right audience, at the right 
time, for the right price.” 


Where does Cosette place her advertising? 


“In the Product Mart sections of EDN magazine 
and EDN NEWS.” 


| Why ‘¢-page Product 
“ental Mart ads? 


‘“That’s where we get the 
— oe Se | most bang for our bucks! 
et With EDN magazine and 
ele a0 EDN NEWS, we reach our 


SoRas: 
SAGO: 

2 BSNL SAIOIONS MH 
SRE PRO RE 


SRELE RO 2 


i target audience with out- 
sees standing results and 
with less money. 
designing fo Our Product Mart 


Anew volume for cetie 
i aimed Design sosle 
the highly er producl design authored by Jal 


Blakenhorn. - SMT 


ads have generated 
high-volume, high- 
quality sales leads. 


es - 
ROUTING TECHNIQU 
sate te digital. an 


other circuits. 


- New 

- OTOPLOTTING 
en required for SMT 
designs. 


-DESIGN FR 


‘‘T recommend EDN 
magazine and EDN 

NEWS. They are the 
right vehicles for 
getting our message j 
to the market.” . 


Les - Under 


\ * 
fom ouaté equipment & 


; : os 
gesign skis 3804 nen designing 4 product for 
Surtace Mount Technology- 

5) SMT PLUS, INC: 
5 ot 


i atotyping * Education 
Cy jones. San Jose, CA 95134 


inners Te Lu : 
408) 943-01 
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EDN magazine and EDN NEWS works for 
SMT Plus, Inc. They can work for you. 


Where Advertising Works 


TEST & MEASUREMENT INSTRUMENTS 
Neen a Er it iS SSS 


“Set offset —4.5” adds a de offset 
of —4.5V to the waveform pro- 
duced by the function generator. 
Running the CONFIG.SYS file es- 
tablishes the instrument’s command 
syntax. You can then control the 
instrument from a program written 
in any language by “opening” the 
device and sending it an ASCII 
string of the proper syntax. PCIP- 
DMM, $699; PCIP-SST function 
generator, $999. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 
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POWER ANALYZER 


© Measures delivered and absorbed 
power : 

© Displays magnitude of harmon- 
ics to the 18th 

’ The PM1000 is a pP-based power 

analyzer designed in accordance 


with IEC348 Class 1. It measures 
power delivered by a source and 
power absorbed by a load and pro- 
vides displays of many ac waveform 
properties, including the content of 
harmonics from 0 (de) to the 13th. 
The unit also measures apparent 
power (VA), power factor, rms volt- 
age and current, voltage and cur- 
rent crest factor, frequency, and 
peak inrush current. From $2175. 
Powerline Inc, 10 Cochituate St, 
Natick, MA 01760. Phone (508) 655- 
7987. TWX 510-100-3630. FAX 508- 
655-7984. 
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WAVEFORM DIGITIZER 


® Samples two channels to 20M 
samples/sec 

® Stores 64k or 128k samples/chan- 
nel 

The R2088 waveform digitizer sam- 

ples two channels simultaneously at 

speeds to 20M samples/sec. Each 


channel has a 64k-byte buffer that 


you can expand to 128k bytes. You 
can control the unit fully from the 
IEKEE-488 bus and set the full-scale 
sensitivity from 100 mV to 250V 
and the sample rate as low as 1 sam- 
ple/sec. The vendor also supplies 
units that accept an external clock. 
Triggering facilities allow 100% 
pre-and post-triggering. $2995. 
Rapid Systems, 433 N 34th St, 
Seattle, WA 98108. Phone (206) 
047-8311. TLX 265017. FAX 206- 
548-0322. 
Circle No 454 
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A [tage 


BERTAN Associates has 


specialized in the design and 
manufacture of precision high 
voltage power supplies for over 


two decades. 
For a FREE color catalog 


power supplies (to 100kV), 
instrumentations and 


Custom inquiries invited. 


CIRCLE NO 60 


featuring our latest high voltage 


accessories simply call or write. 


Sela BERTAN ASSOCIATES, Inc. 


121 New South Road, Hicksville, NY 11801 
(516) 433-3110 » TWX 510-221-2144 - FAX 516-935-1766 


Applications: 


® Laboratory 

© ATE 

© Nuclear 

© Medical 

© Biochemistry 

® Analytical 

e X-Ray 

°e E-Beam 

© Semi-Conductor 
© Electro-Optical 
° CRT 
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___ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


NEW DC/DC CONVERTER 
1.0mV Noise... > 100 Years MTTF 


Just 1.0mV max noise p-p with no external parts. The lowest 
general-purpose DC/DC Converter on the market. The new 
low-cost PWR1546A is a2” x2”, 5 Watt dual-output device 
featuring standard pinouts, six-sided shielding, and 
calculated MTTF in excess of 890,000 hours at +25°C. Out- 
put is +15Vdc for 5Vin and 167mA. Temperature range is 
—25°C to +85°C, and continuous in/out isolation is 750Vdc. 
Burr-Brown Corporation 
P.O. Box 11400, Tucson, AZ 85734 
(602) 746-1111 
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CABINETS, ENCLOSURES 


& POWER SUPPLIES 


For any need, Top Quality 
On-Time, On-Budget 


w Complete line of enclosures 
& power supplies for single & dual 
— 312” & 514” floppy disk 
— half & full height hard disk 
@ Complete line of power supplies 
to match your needs 
@ Reliability of an industry leader 
@ All production done in house 


QUANTITY & DEALER DISCOUNTS AVAILABLE 


Ask Us 
work 
ut Custom 
Bectronics wro Your Specs 
Inc. 
18543 Parthenia St. Call (800) 635-5555 
Northridge, CA 91324 in CA (818) 993-4801 
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LEADLESS CHIP 
TO WIRE WRAP ADAPTERS 


Save prototyping time, these LCC, PCC and PGA socket 
adapters provide the designer with alabeled test point foreach 
pin and are available for 20, 28, 44, 52, 68 and 84 pin chips. 
WW pin rows are on .3” centers. Unit pricing for the 68 pin 
version is $49.00 delivered from stock. 


Antona Corporation 
1643 Westwood Bivd., L.A., CA 90024 
(213) 473-8995 
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MIL-STD-1750A 


CO-PROCESSOR BOARD 
For PC/XTIAT compatibles 


* Complete software 
¢ Built-in ICE functions 
* 512K bytes no wait 
staie RAM 
¢ Access to all PC system 
~~ resources 
3. 3" * Real time 1750A ISA implementation 
& 


Another industry first from 
_Sabtech Industries 


3910-B Prospect Ave, Yorba Linda, CA 92686 
(714) 524-3299 — Fax (714) 524-3290 
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The Best 
Programming Site 
Money Can Buy. 


BYTEK’s 135 GANG and SET (E)EPROM Multipro- 
grammer™ with optional Universal Device support 
capabilities, makes obsolescence obsolete. It sup- 
ports more Devices than any other production pro- 
grammer (virtually all (E)EPROMs up to 32-pin). It 
has options to program 40-pin EPROMs, Program- 
mable Logic Devices, 40-pin MICROs and Bipolar 
PROMs. On board memory is expandable to 2 Mega- 
Byte. The 135 comes with 12 Months FREE updates 
plus an 18 Month Warranty. And, 4 operating modes 
plus Data I/O* protocol compatibility mean un- 
matched flexibility. 


Prices from $995.00 (U.S.) 


BYTEK, the leader in low cost/high 
performance technology. CALL NOW! 


800-523-1565 


In FL: (407) 994-3520 
FAX: (407) 994-3615 TELEX: 4998369 BYTEK 


BYTEK Corporation, Instruments Systems Division 
508 NorthWest 77th Street 
Boca Raton, FL 33487 


*DATA I/O is a registered Trademark of DATA I/O Corporation. 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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LEADER............ 


WESCON/88 FEATURE PRODUCTS > 


A Better Tomorrow For 


QWS SERIES 
Transformer ‘ 25/30W CURRENT MODE CONTROL 
Thro ug h Automation WIDE INPUT VOLTAGE RANGES 
SINGLE OUTPUT 
PC-BOARD-MOUNTABLE 


BOOTH #5333 


The QWS Series is a broad line of 25/30 watt, high efficiency, high 
performance, single output, pc-board mountable DC/DC converters. By 
using state of the art Current Mode Control & MOSFET technology, all 
models operate at 100KHZ with 80-84% efficiency and virtually indepen- 
dent of load and line variations. A 4:1 input voltage range is specifically 
designed to provide telecommunication, transportation and battery 
operated equipment manufacturing industries with a low cost/high 
performance DC/DC converter. Excellent Field Performance Rate, fast 
transient response and short circuit protection are additional special 
features. 

PRICE: (100) $111.00 *** SPECIAL WESCON PRICE, valid for 45 days 
after the show *** 2 

DELIVERY: Stock to 8 weeks ARO 


INTERNATIONAL POWER DEVICES, INC. 
155 North Beacon Street, Brighton, MA 02135 
Tel: (617)782-3331 © FAX: (617)782-7416 ¢ Telex: 989-752 
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CONTACT US RIGHT NOW! 


AW) GG B 


LEADER ELECTRONICS INC. 
ee No.2, Lane 87, Pao Hsin Rd., 
Hsin Tien, Taipei, Taiwan, R.O.C. 
Cable: :LEADEREL TAIPEI 
Telex: 31372 LEIGROUP 
Fax: 886-2-917-6809 
Tel: 886-2- 911-1910 (Rep) 
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CMOS STD BUS 
SINGLE BOARD COMPUTER 


The LPM-SBC40 is a CMOS STD-BUS Single Board 
Computer that is designed for Industrial applications. 
The LPM-SBC40 uses the NEC V40 microprocessor, 
up to 256K bytes of EPROM, 384K bytes of battery 
backed-up SRAM, real time clock, two RS-232 serial 
channels with RS-422/485, watchdog timer and 
power fail logic, 5,8 and 10 MHz. 


WinSystems 
Box 121361, Arlington, TX 76012 
817/274-7553 
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wm Sourcing Connectors & Cables? Ours are the Finest! === 


system. 


LOW COST INTERFACES 


Family Develop- 
ment and Target 
System. 


The AMS 51 
provides a target 
and development 


22 direct I/O 
lines, 


AMS 51: $1595 
demo disk: $10 


A cost effective solution delivering exceptional fast turn 
around time from concept to prototype. 
7 = BVO = t “7.4%, 


- byte battery backed ageveioome 

- Symbolic debugger (break points, single step, variable display) 
_|- PC file server, logger. On line hardware/software help 

_ | - Built in assembler assembles externally generated source 
- Line assembler 

- Expansion bus for user and AMS I/O and memory modules 


Advanced Micro Solutions 
(414) 367-3577 1033 S. Imperial Dr. Hartland WI 53029 


or write for 
free catalog 


(203) 354-9395 1-800-426-2872 
microComputer inc. 


P.O.BOX 186, Brookfield, CT 06804 
___CIRCLE NO 338 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


We offer a wide range of computer connectors and 
cables. From molding, plastic injection through | 
assembly to finished products, all items are 
produced in-house, using an integrated operation 


OUPITE 


Manufacturer & Exporter 


OU PIIN ENTERPRISE 
No. 80, Lane 210, Ting Kan St., Sanchung, 
Taipei Hsien, Taiwan. R.O.C. a 
Telex: 33429 OUPIIN 
Fax: 886-2-9852561 
Tel: 886-2-9822315-7 


: CO., LTD. 


CIRCLE NO 336 
Taiwan Samarium 
Cobalt Magnets 


PMI now offers RARE-EARTH COBALT 
MAGNETS, the SmCo5 and the : 
Sm2Co17. In addition to our wide 
selection of high energy products, PMI 
offers perfect performance and the 
most competitive price to meet all your 
requirements. 


PMI CAN HANDLE ALL YOUR OEM REQUIREMENTS. 


RESIDUAL FLUX __ kG 7.8~9.0 | 8.0~9.0 | 9.4~10.4 | 10.2~11.0| 105-115 
kOe 7.0~9.0 | 78~90 | 50~65 | 50-65 | 60-90 
FORCE kOe 275 


= 210.0 215 
: kA/m =800 =1200 
MAXIMUM MGOe 15~19 16~19 19~24 22~27 25~31 
ENERGY 'B-H) max y jjm3 119~151 | 127~151 | 151~191 | 175-215 | 200-247 


PANE) POWER MAGNET INDUSTRY CO., LTD. 
OFFICE: FACTORY: 


9TH FL., PRINCE BUILDING NO. 18, SHIH WEI ROAD 

NO. 19 CHANG CHUN ROAD HSIN CHU INDUSTRIAL DISTRICT 
TAIPEI, TAIWAN, R.0.C. HU KOU, HSIN CHU 
TEL: (02) 562-8333 (5 LINES) TAIWAN, R.0.C. 

FAX: 886-2-542-4829 


TLX: 16196 YSFANG 
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Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products 


With more than 11 years’ experience in this field, we 

proudly offer you various types of conductive silicone |. 

rubber pads, rubber pads with multicolor and screen 

printing, silicone rubber overlay, rubber pads with 

screen printing on plastic keytops, 0 rings, washers, 

inner caps, tubes, etc., and screen printing flexible : 
circuit boards. Please contact us for more information. 


GENERAL SILICONES CO., USA 
650 W Duarte 305, Arcadia CA 91006, US 

Tel: (818) 445-6036. Telex: 3716189 eSCun 

Fax: 818-4456084 
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MINIATURE TELEVISION CAMERA. 
Clica Inc. presents a full feature high resolution monochrome 
solid state camera, size 2” high, 1.5” wide and 3.75” long. 
You can select manual/auto gain, internal/external sync and 
gamma value. Output for optional auto-iris lens. 610x488 
pixels resolution. Standard RS170 video output. Comes with 
lens and power supply. 1-10 unit price $950. 


Clica Inc. 
288 E. Maple, Suite 102 
Birmingham, Michigan 48011 
(313) 423-1137 
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DEVICE PROGRAMMER 
$550 $750 


1 Megabit of DRAM, User upgradable to 32 Megabit 
4x20 LCD Display, 3, 6 Zif socket, RS232, 
PARALLEL in and out °20 Key tactile keypad (not 
membrane). 32K internal EEPROM (easy firmware 
upgrades) QUICK PULSE ALGORITHM (27256 in 5 
sec. 1 Megabit in 17 sec.) Completely stand alone, 
10 day money back guarantee 2 year warranty, made 
in U.S.A. Technical support by phone, Complete 
manual and schematic. 


NEEDHAWM’S ELECTRONICS 
4535 Orange Grove Ave., Sacramento, CA 95841 


Call for more information 
Phone (916) 924-8037 FAX (916) 972-9960 
VISAIMC 
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RELAY SWITCHERS 


Signal Routers With Relays for 
Crosspoints. No Active Circuitry To 
Affect The Signal In Any Way. 
Available In Either Matrix Or 
Patch Bay (point to point) Systems. 


¢ The Only Way To Switch Bi-Directional Signals 
¢ Low EMF Or RF (Wideband) Versions Available 
¢ Many Different Sizes And Connector Types 
¢ Single Or Multiple Channel Switching 
« Remote, Local, Or Serial Control 
¢ Perfect For Many Applications. Write or Call- 


-+-F PARC Systems 
PO Box 1802 Grass Valley CA 95945 
916) 272-8240 
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MIL-STD-1553 
Bus-to-Microprocessor Interfaces 


Our complete 1553 interface features 1 MB/sec multi- 
plexed data bus circuits and provides complete I/O port. 
And it’s just part of the full line of CT] MIL-STD-1553 data 
bus products used in virtually every major military and space 
program including the F-18, F-14, F-15 and V-22. 


Call or write today for the specs and pricing on the full 
data bus line including transceivers, protocol units, and 
the new single package solution (CT2525). 

Circuit Technology Inc. 
CC | 160 Smith Street, Farmingdale, NY 11735 
(516) 293-8686 FAX (516) 293-8622 
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is “CA PACITORS — : a 
a High Voltage Oil Filled E 
* Capacitors for all HV applications: 
#2 power supplies, D.C. filtering, energy 4 


sere! 


% Storage & discharge, voltage 
: multipliers, coupling, bypass, exciters § 
: and PFN's. 


Our Engineering Dept. is available for 
: : your special requirements. 

B For the latest product information a 
E,or write our Sales Dept. 


are we 


eR 


%e 
e *m.2 DAA 
$03, F cate et RA S23 20, 
eee Ma, ; 
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The Condenser Products Corporation 


2131 Broad St. Brooksville, FL 34609 
Tel. (904) 796-3561 FAX (904) 799-0221 


CIRCLE NO 347 


le es acces 


Printed Circuit Boards Catalog 


Eight pages of custom PC 
Board info. Much data, in- 
cluding Cherry capabilities 
plus unique wet processing 
capabilities, standard and 
custom finishes. Send for your 


copy today. F R FREE! Fi 


CHERRY ELECTRICAL PRODUCTS 
3600 Sunset Avenue, Waukegan, IL 60087 © 312-360-3502 
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MODULES 


e 1x8 to 4x80 sizes e .15” to .5” 
character heights e On-board controller 
e 8-bit parallel input e Reflective, 
transflective; positive or negative images 
e -20°C to +70°C operating temperature 
e EL and LED backlighting available 
e Supertwist models in most sizes 
and formats 


SHELL 


associates (714) 669-9850 


14281 Chambers Rd. ¢ Tustin, CA 92680 
TLX: 85-2263 © FAX: 714-669-1081 
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ATTENTION 
PADS—PCB 


You can now use PADSLINK to out- 
put your design to a .DXF file, as 
used with AUTOCAD & others. 


sioning, fab drawings, ECN’s to 

show cuts, jumps and much more! 
Create board outlines and part 

decals in your 2—D CAD package. i 
Then simply use PADSLINK to 

read your files in PADS. 


K The advantages allow auto dimen- J 


27106 46th Ave. S., Kent, WA 98032-7147 / (206) 852-5070 


me ae al 
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THE 
REAL BARGAIN 
IN PLD 


FOR 
$2495. 


The 60A Logic Programmer delivers: 


@ Support for 350 PLDs 

B Additional PLCCs and EPROMs 

@ Manufacturer-approved algorithms 
On-going updates and support 


Call today for more information. 
1-800-247-5700 
Ext. 747 


DATA I/O 


Corporation 


NETOPT/ NETSIM ANALOG CIRCUIT ANALYSIS 
AND OPTIMIZATION SOFTWARE 
NETSIM analyzes circuits in both time and frequency do- 
mains, performs Monte Carlo, tolerance/worst case analysis 
and extracts poles/zeros and transfer functions. « Produce 
yield estimates and sensitivity analysis of your analog designs 
e NETOPT includes all features of NETSIM and adds sophis- 
ticated optimization capabilities e Compensate for circuit/ 
device parasitics, generate non-standard responses and 
center designs for maximum yields. ¢ NETSIM is available for 
IBM PC®($850) and VMS®/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version. 


RLM Research 
P.O. Box 3630, Boulder, CO 80307-3630 
(303) 499-7566 
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te Design DEBUG 


Microprocessor software 
on your PC 


Proven and affordable 
board design. 


erated schematic capture ¢ Intera 
layout editor * 6000 compon 
- Optional routers and utilities 
an evaluation package. $50. 


2 Leader in PCB Design 
: Software 


uP Simulators for: 68HC11,65CO02, 
8051, Z80, 6301, 6801, 
8048, 6805, 6809, 8085, 6800. 


e Eliminates need for hardware debugging tools. 
e No waiting for EPROMs to program. 
e $95 each. Immediate delivery. 


Mecklenburg Engineering 

P.O. Box 744, Chagrin Falls, OH 44022 
(216) 338-1900 
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1290 Parkmoor Ave., San Jose, CA 


800-523-5207 or inside CA 800-628-8748 


le€€-488 CONTROLLER 


con PS/2 
WITH ASYSTANT” GPIB SOFTWARE 


ONLY *895° INCLUDES: 
¢ MXI-4000 IEEE-488 CONTROLLER FOR PS/2 
¢ ASYSTANT™ GPIB SOFTWARE PACKAGE FOR PS/2 
° GPIB CABLE 
¢ PC/AT PACKAGE ONLY £795 


TOLL FREE: 1-800-553-1170 
478 E. Exchange St. Akron, Ohio 44304 
(216)434-3154 TLX: 5101012726 FAX: (216)434-1409 


QUA TECH 


INCORPORATED 
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% cursors -> Ieft- 108.888 
¥ cursors -> upper= 
La] 


right: 18,888 k 
lower=~118. 888 


difference= 3.988 idts 


5.888 difference: 115.088 


188. G88 (He) 18.088 & 
Command: Bras, tutoscale, Set-up, Original, Recalc, Grid, Mark, New, Print, Exit ¢ 


AFD - ADVANCED ACTIVE FILTER DESIGN SOFTWARE 
Version 3.1 designs Lowpass, Highpass, Bandpass, Bandstop and 
Allpass filters with Butterworth, Chebyshev, elliptic and Bessel response 
e Calculates values and sensitivities for MFB, VCVS, biquad, state 
variable, National MF-10 and Reticon circuits ¢ Interactive graphics for 
group or phase delay, gain, phase, impulse and step response of the 
complete filter or individual section ¢ Combine filters for system 
design/analysis ¢ Modify circuits to observe effects ¢ For IBM PC, XT, 
AT, PS/2 ($725) 
* * FREE DEMO DISK AVAILABLE * * 
FILE CONVERSION FOR SPICE, TOUCHSTONE 
& NETOPT AVAILABLE 


RLM Research 
P.O. Box 3630, Boulder, CO 80307-3630 (303) 499-7566 
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Fast and easy 
Data Acquisition 


Torque Signal 

File Tr 1] 

File Name: 107.dat 
107 


Hill 


DATA SMOOTHED WITH 
LOW PASS FILTER 


Torque Signal lopas 
File 


File Name: 
Hill 107 


Menu-driven software 
package for your PC 


JUNIOR - $125 

Take, store, retrieve, print data - perfect for Design 
Engineers 

LEVEL 2+ - $549 

Data acquisition plus: experiment control, data analysis. 
The complete package. 


FREE Demo Disk. Money-back guarantee 
Unkel Software inc. ‘ie 
62 Bridge St. Lexington, MA 02173 (617) 861-0181 
CIRCLE NO 754 


The Stationary Alternative 

For Precision and Comfort! 
This new space saving input device emulates both Microsoft and Mouse Systems 
RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 
running off your desk. 
With a single connection to your computer, no power supply or mouse pad is 
necessary. 
MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of 
cursor and input at your fingertips. 
Special features include speed control, allowing the user to toggle the resolution with 
a 4:1 ratio. User definable input keys offers added versatility and comfort. 

Pricing - $139.00 - $179.00 
For further information: 
ITAC SYSTEMS, INC. 
3121 Benton Drive, Garland, Texas 75042 U.S.A. 
1-800-533-4822 Fax 214-494-4159 
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Programs 2716 : 
thru27512A and ~ 


For |BM-PC’s & com- 
 patibles, menu-driven 


“CIRCUIT” SIMULATION 


Je AVPROM programs - CMOS variants 
so ial builtin graphics : eee - SONS up to a e 4- and 10 socket 
t simulations _ WE . aster than serially- gang versions 
© 2-100 times faster t : 12  * CERAMIC YDISC CAPACITORS _ - 
thea ‘sme 2 EAN PR ONO-GHIP CAPACITORS — #B connected units (20, too. Call for prices. 
lo *Sine, Pulse, PWL, SFM =si(<aé‘<‘ié*dL#O#*#*C* AXIAL «LEAD CERAMIC CAPACITORS Sec. for2764). » [a c lee 
Qn tor. = and Exponential generators a3 - oe CERAMIC TUBLAR CAPACITORS | | < — Forcomplete 
s Interactive or bat oe -*/Money back guarantee - HIGH-VOLTAGE CERAMIC CAPACITORS Specs, free 32 pg. 
ne e@ models $ Pe oe ETWORK - : s development tool 
—-ECA-2 \BM PC or i Macinios 675 (os Se pals BSB NN catalog, call 


_EC-Ace, a subset of ECA-2, 1s. . _. AND THEIR TURN-KEY PLANTS = 
“Call 313-663- 8810 For FREE sveued disk ce of 


DON’S ENTERPRISE CO., LTD. > ‘soo-448- -8500. 
GROUP: TAIWAN YODEN INDUSTRIAL CO., LTD. = or 207-236-9055 — 
ISUN-INM & E INDUSTRIAL CO., LTD. — 


OFFICE: 7TH FL., 7-1 NANKING E. RD.. SEC. 2, : = 
TAIPEI, TAIWAN, R.O.C. f; 
2 - ce = TEL: 886-2-522-2929, 542-5151 (4 LINES) e : 
- oS FAX: 886-2-581-8845 | TELEX: 28806 DONSECL : 
‘ Tatum Labs, hap a Bp tg oe 7 SYSTEMS, INC: 


urt, A ee G Cc j 
= otal MI 48103 ee. ACO pica ee en ae | 120 Union St., Rockport, ME 04856 
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: Spay your setaperatuiee probe assembly 

- from 41 packages, 12 lead materials, 9 

thread sizes, 6 assembly materials, 11 
connectors, and 58 thermistors. All stan- 

_ dard. If these don’t meet your needs, 

_ we'll make a custom probe from your 

drawing. Send for our catalog. Or call 

2 Sie ae aee 800 343- 4357 oe wae ce 


PORTABLE DISC DRIVE CONNECTOR 


__L Series Rack & Panel Connectors provide in excess 
of 100,000 cycles with excellent electrical repeatability. 
| The rugged blind matable float design and low insertion 
_ force contacts provides the performance needed in ~ 
~ removable disc drives. Crimp and solder style contacts — 
— for8, 15, 25 and 50 amp use are available. Meets per- 
/ formance requirements of MIL-C-28748A. 
_ HYPERTRONICS CORPORATION 


— 16 Brent Drive, Hudson, MA 01749 
ee (508) 568-0451 


Z : han an oo 2 |b ee ee 


HIGH DENSITY CIRCULAR PROCESS AND — 
MEDICAL EQUIPMENT CONNECTORS ~ 


D Series 7, 9 and 12 contact cable to cable andchassiscon- _ 
nectors provide MIL quality contacts in impact resistant © 
polycarbonate housing. Keyed simple push button lock — 
minimizes use problems. Solder cup or crimp contacts are 
useable in either housing. _ 


HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 10749 
(508) 568-0451 
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: - -YSI bee cate See — 
Yellow Springs, Ohio 45387 USA ist - 


- STOCK CASES. AND ENCLOSURES © 
ONE WEEK DELIVERY 
~ OVER 8,000 STOCK SIZES. Panels offered 
for complete line. Custom modifications in- 
| clude panel mounts, routed areas, vents, 
holes, partitions, foam interiors. Ruggedized 
laminated construction for strength & dur- 
ability in all environments. Also custom units 
to exact specifications with quantity discounts. 
Free full line catalog. | 
 W.A. MILLER, CO., INC. 
POB 337, OQUOSSOC, ME 04964 or 800- 227- 1415 
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SL Waber, Inc. features the broadest line of high-quality 
power protection devices in the industry, all sturdily con- 
structed of materials that mean excellence. Waber gives a 
better margin for greater profits backed by stability, longevity 
and dependabilty. And Waber can custom design a product 
to fit any special electrical power distribution needs. 


SL Waber Inc. 
520 Fellowship Rd. Suite 306, Mt. Laurel, NJ 08054 
Phone: 1-800-634-1485 FAX: 1-609-866- 1945 


| “MICRO/Q 2 2000 
- FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, ISSUITABLEFOR 
MILITARY APPLICATIONS AND BEATS 

HUMIDITY, HEAT AND COLD: : 

7 ROGER MICRO/Q® 2000 
\ ‘p., 2400 S. Roosevelt, 

) 85282 ( 02/967- 0624 
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Lo 
SPECTRUM 
a 2 ee 


The WIDEST RANGE of DIGITAL SIGNAL PROCESSING 
(DSP) TOOLS AVAILABLE for the IBM-PC: 


DSP SYSTEM & PROCESSOR BOARDS: 


(with DSP LINK System Expansion Interface) 
m TMS320C25 System Board & Development Support $2,595 
m ADSP-2100 System Board & Development Support $2,595 
m DSP 56001 System Board & Development Support $3,495 
® TMS320C25 Processor Board & Development Support + $1,495 
m@ DSP 56001 Processor Board & Development Support $1,995 
m 7763/64 Speech Recognizer/Synthesizer $1,695 


DSP LINK Peripherals: 
(via DSP LINK System Expansion Interface) 
m 4-Channel In/2-Channel Out (12-bit, 50KHz/Channel) $845 
@ 32-Channel Input (12-bit, 7KHz/Channel, mux to 32.Ch.) $845 


m DSP LINK Prototyping Module $95 
m DSP LINK Dual-Processor Communications Module $95 
DSP SOFTWARE TOOLS: 


= ‘C’ Compilers for TMS320025, ADSP-2100 & DSP 56001 
= Assemblers for TMS320, ADSP-2100 & DSP 56001 


SPECTRUM f@ SIGNAL PROCESSING INC 


In Canada: (604) 438-7266 USA East: 1-800-323-1842 
Massachusetts: (617) 890-3400 USA West: 1-800-663-8986 
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OLVE!! 


MULTIBUS | 
SPEED PROBLEMS 


New Microstrip Backplanes enhance 
performance of Multibus | with 80386 and 
other fast processors. 

Send for FREE Catalog. 


HYBRICON CORPORATION 


12 Willow Road, Ayer, MA 01432 
East Coast West Coast 
508-772-5422 602-921-1824 
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EE DESIGNER lil 
Integrated End-to-End System 


e Schematic Capture 
¢ Logic Simulation 

e Analog Simulation 
e Full PCB Layout 

e Backannotation 

e Autoplacement 

e Autorouting 

e Pen & Photoplotting 
e PC-Based 


Call For Free Evaluation Package 
(714) 474-1145 

FREE TRAINING & HOTLINE 
Distributed by 


UNDTECE 
17932 Sky Park Circle 


Suite D 
Irvine, CA 92714 


CIRCLE NO 773 


RUGGED 


JOYSTICK/KEYBOARD 
FOR FACTORY FLOOR 


e Noncontacting inductive joystick 
no moving electrical parts 


e Sealed keyboard enclosure 
for harsh environments 


CTI 


CTI ELECTRONICS CORP. 
200 Benton Street, Stratford, CT 06497 


TEL: 203/386-9779 FAX: 203/378-4986 
MAC Il IS A REGISTERED TRADEMARK OF APPLE 


CIRCLE NO 768 
FIX 80386 - NEW 


FIX-80386 is a daughter socket that fits between the 80386 
and 80386 socket with circuitry to provide a solution for 
80386 chip errata 21 problem (same size as 80386). Problem 
occurs when arithmetic coprocessor activates PEREQ while 
in virtua! paging mode (UNIX or possibly MS-DOS if in pag- 
ing). Constructed with gold machined pins for reliability. 
PROTOTYPE ADAPTORS, (devices from 24 to 240 pins) 
TEST ADAPTORS, FIX SOCKETS, and Quick Turnaround 
Customs also available. 


IRONWOOD ELECTRONICS, INC. 
P.O. Box 21-151, St. Paul, MN 55121 
(612) 431-7025 
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a 
aes 


Now Available! 

Maximize the power of your EE Designer CAE/CAD system... 
with SUPERROUTE, a high performance 100% ripup-and- 
retry autorouter. SUPEROUTE handles the toughest chal- 
lenges: including fine-line, multi-layer and double sided SMD 
boards with routes so clean they look like they were done by 
hand. And because no two boards are identical, SUPER- 
OUTE lets you set the routing rules and strategies. Best yet, 
SUPEROUTE can operate independently, running day and 
night without tying up your CAD system. Call (714) 474- 
1145 for a benchmark or a free evaulation package. 
Distributed exclusively by: 


UNTTECH 


17932 Sky Park Circle Ste D 
Irvine, CA 92714 (714) 474-1145 
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IMPROVE BOARD PERFORMANCE 
MICRO/Q 1000 capacitors can be 
retrofitted to solve noise problems on 
existing boards. Because MICRO/Q 1000 
caps share mounting holes with existing 

IC pins, no board redesign is required. 
Effective decoupling becomes a matter 

of adding one insertion step. Rogers 
Corp., 2400 S. Roosevelt St., Tempe, AZ 
85282. 602/967-0624 
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SCHEMATIC CAPTURE TO PCB LAYOUT $695.00 


Before buying EE Designer, FutureNet, 
PCAD, or separate Schematic & PCB editors, 
check our one CAD Total Solution. Schematic/ 
PCB editor supports 15 hierarchy levels, 50 
layer, auto parts package, rat’s net, rubber 
banding, 1 mil resolution, unltd trace widths, 
GND plane, etc. Optional Auto-Router, DRC 
and Gerber. $75.00 for full function evaluation 


kit. NEW VERSION 6.50 
Interactive CAD Systems 
2352 Rambo Court 
Santa Clara, CA 95054 (408)970-0852 
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| 6800-Family Development Software 


Combine our software and your editor for a powerful develop- 
ment system. Our C-Compilers feature a complete implemen- 
tation (excluding bit fields) of the language as described by 
Kernigan & Ritchie and yields 30-70% shorter code than other 
compilers. Our Motorola-compatible Assemblers feature 
macros and conditional assembly. Linker and Terminal 
Emulator are included. Wintek Corporation, 1801 
South St., Lafayette, IN 47904. (800) 742-6809 or 
(317) 742- 8428. 
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REMOTELY LOCATE YOUR COMPUTER MONITOR 
Your computer’s monitor can now be located up to 1000 feet 
from your computer with SCREEN SENDER™. Works with 
any TTL monitor, color or monochrome. The Transmitter 
connects to your computer’s monitor port and the Repeater 
can be located up to 1000 feet away using multi-paired cable. 
Repeaters can be daisy chained for connecting multiple 
monitors to one computer. Great for factory automation, 


public displays, training environments, and remote monitor- 


ing. Transmitter and Repeater pair is only $495.00. Call to- 
day for more information. 


[zg] Communications 
[vl[-4Specialties, Inc. 
TEL (516) 499-0907 FAX (516) 499-0321 
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TIGER POWER 


| 40-350W range of switching power supplies 


Model: BM-2150 — 
(Mini Tiger) 


_ Lead Year’s main SPSs products are: 
— PS/2 models — 386 tower models 
— 286/386-type PC/AT models 
— Mini Tiger’ super compacts 
— Cubic Baby AT models 
— PC/XT models — OEM are ees 


@) Ae HY 
ORCC) 
E-97155 LR65589 60200 FMCBHM @ 
U.S.A. CANADA WG. SWEDEN U.S.A. W.G. 
Contact us today for more information 


on how Lead Year's Tiger Power make 
your electronics great! 


eid Rebadinieclatucwy nln abigail  e One eeu 
Lead Year Enterprise Co., Ltd. 
9 ae 3F, No. 481, Chung Hsiao E., Rd., Sec. 6, 
Taipei, Taiwan, R.O.C. 
TIGER POWER P.O. BOX 53-352 Taipei Tel: 886-2-7857858 
Tix: 10862 LEADYEAR Fax: 886-2- 7857852 


PC/XT. PC/AT. Baby AT and PS/2 are trademarks of the international business Macni 
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 Z80 or HD64180 


With "'C" Source Debugging! 


iC-80 In-Circuit Emulator 
¢ Can be configured for Z80 or HD64180. 
¢ C source code level debugging with our $495 
"C" compiler. 
¢ Works with IBM-style PC. 
¢ 64K overlay memory. 
¢ Base price $995. Complete price of $1340 in- 
cluding one probe and symbolic debug soft- 
ware. : 
Z-World, 1772 Picasso Ave, Davis, CA 95616 
(916) 753-3722 
Fax: (916) 753-5141. 


In Germany: iSystem 08131/1687 
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UNIVERSAL E(E)PROM 
PROGRAMMER $495 (Kits from $165) 


@ No personality modules; Menu driven device selection. 
e Built-in Eraser/Timer option ($50); Conductive foam pad. 
@ Direct technical support; Full 1 year warranty. 
© Stand alone duplication & verify (27XX parts). 
@ Quick pulse algorithm (27256 under 60 sec). _ 
@ 27xx to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS, 
@ 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761 & more. 
e IBM-PC, Apple, CPM or Unix driver; Autobaud RS232. 
© Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit. 
@ Manual with complete schematics. | 
VISA MC AMEX Call today for datasheets !! 


B&C MICROSYSTEMS 


355 WESTOLIVE AVE. SUNNYVALE, CA 94086 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 
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PC485D 


[RS 485/422 INTERFACE] 


e Meets the EIA RS-485 standard for multipoint bus trans- 
mission and the EIA RS-422A standard. 

e Can be configured as COMI or COM2. 

¢ Line terminators are jumper selectable. 

e High speed differential drivers allow fast data transfer over 
long cables (over 4,000 ft). Max. Baud rate 56KB/115KB. 

e Tri-state line drivers permit implementation of LANs. 

¢ Two wire (half duplex) operation. DB9 or phonejack. 

® Sample communication software available. ($50) 


PC488A $145 © 


[IEEE-488 INTERFACE] 


e Includes INSTALLABLE DOS DEVICE DRIVERS and soft- 
ware support for BASIC. 

¢ Optional language support for C, PASCAL, FORTRAN and 
ASSEMBLY - $50. 

e Selectable base I/O address, IRQ and DMA. 

¢ CONTROLLER / TALKER / LISTENER capability. 

e Customer support via dedicated 24 hours B&C Micro- 
systems BULLETIN BOARD. 


¢ Compatible with most IEEE-488 Software Packages for the 


IBM-PC (e.g. ASYSTANT GPIB, Lotus Measure, etc. ). 
¢ Hardware compatible with NI’s GPIB-PCIIA. 


PC488B ___ $345 
[IEEE-488 CARD WITH] 


[BUILT-IN BUS ANALYZER] 


e GPBASIC package complements IBM/ Microsoft BASIC in- 
terpreter and compiler to create a programming environ- 
ment similar to HP desktop computers. 

¢ Additional libraries of over 20 high level 488 dedicated func- 
tions for C, Pascal or Fortran available ($50). 

¢ Powerful menu-driven bus analyzer, which can runin the 
foreground or in the background while 488 programs or 
commands are executed, features program stepping, 
break points and real time bus data capture (4k circular 
buffer). 

¢ Instant toggling between foreground and Analyzer screen. 

¢ Complete Talker / Listener / Controller capability. 

¢ Dipswitch selectable Base Address, IRQ, DMA. 


MC/VISA/ AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 West Olive Ave., Sunnyvale, CA 94086 
PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 
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SAVE SPACE WITH 
MINI/BUS® BARS | 
Improve power distribution — 
Reduce required board layers | 
Eliminate up to half the seme 
Capacitors a 
FitbetweenorbeneathIC’s |. 
Send for Rogers Mini/Bus® Bars | 
Application Bulletin. 
Rogers Corp., 2400 S. Roosevelt St. iL 
Tempe, AZ 85282 602/967-0624 | 
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LY Sets The Pace! 

Tango’s ease-of-use, rich functionality =| 
and crisp output have brought fens of thousands of boards oe 
to life, quickly and oe 
affordably. 


Start-to-finish design tools include: ee 
Tango-Schematic With Library Manager, $4 
Tango-PCB 1 mil Grid, 9 Layers, Gerber Output, 
Tango-Route Autoroutes 90+%, Fast!, 
Tango-Tools 8 Money-Saving Utilities, 


Let’s discuss your design needs Toll-Free, or order a full 
function Evaluation Pkg, just $10. VISA/MC. 


800 433-7 80 1 eee guaranteed. | 


ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
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** The Best 8051 Emulator’’ 


5 ft. cable 


_WESCON/88 | 
booth #3461 


PC based emulators for the 8051 family 
(8051, 8751, 8052, 8752, 8031, 8032, 8344, 80C452, 80C152, 80535, 80C451) 
* PC plug in boards * Powerful Macros with IF-ELSE, REPEAT. _ 
* Command driven User Interface WHILE structures 
with static windows | * Source Level debug for PL/M-! 51 and C-51_ 
* 16 MHz real time emulation * Symbolic debugging with in-line assembler 
* 128K emulation memory and disassembler 
* 48 bit wide, 16K deep trace buffer * No external boxes 
with loop counter e Execution time counter : 
¢ Program erformance analyzer * Trace can be viewed during emulation! 


PRICES: 32K Emulator for 8031 $1790, 4K Trace $1495 _ a 
CALL OR WRITE FOR FREE DEMO DISK! | 
Ask about ourdemo VIDEO! = | 


NOHaU 


CORPORATION 
51 E. Campbell Ave., Campbell, CA 95008 oo) 866- 1820 


CIRCLE NO 784 


To advertise in Product Mart, call Joanne ‘Dorian, 312/463- 6415 


X1DN October 27, 1988 


4B 


NEW PC BOARD 
AREA ANALYSIS SOFTWARE 
Packaging and Circuit Design Engineers, be your own analyst. 
Find outin minutes if that circuit is going to fit, without waiting 
for an artwork layout. See if your auto insertion equipment 


Cutler-Hamme 


will let you make that board single sided. This new software arbe 
uses anew dynamic, proven by designs, technique to deter- miniature sealed toggles 
mine necessary area for single and double sided boards. Qualified to MIL-S-83731 - 


¢ Support for IBM-PC and Apple lle 

e Options for different types of electronic circuits 

e Support for irregular and notched out shaped boards 

e Support for U.L. power spacing and partial ground planes 


11035 Ridge Forest Ct. 

CAD/ St. Louis, MO 63126-3429 
TECH (314) 843-4829 
CIRCLE NO 785 


8051 
C 


SOURCE 
LANGUAGE 
DEBUGGER 


* Call today for a FREE technical bulletin * 


MICRO COMPUTER CONTROL 
P.O. Box 275 — Hopewell, NJ 08525 USA 
Telex 9102404881 MICRO UQ 


FOR IMMEDIATE ACTION CALL: 


(609) 466-1751 
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These rugged miniatures are available in 1 and 2-pole 
configurations, with standard lever or lever lock 
operation. And they’re yours at a miniature price. 
Technical assistance and customer service are always 
part of the product. Another innovation from: 

Eaton Corporation, Aerospace/Commercial Controls 
Division, 4201 N. 27th St., Milwaukee, WI 53216. 


E:TeN 
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STD Bus Card Cages 
Full line with .75” card spacing, extruded aluminum frames, 
aluminum endplates and non-conductive card guides. Open 
frame design excellent for convection cooling. Variety of 
mounting styles with 5, 8, 16 and 21 slots in stock. 
Semi-custom cages with 2 through 20 slots available at stock 
prices and delivery. Price from $120 (5-slot) to $360 (21-slot). 
Delivery, stock to 2-week ARO. 


XYZ Electronics, Inc. 
Rural Route #12, Box 322 
Indianapolis, IN 46236 
317-335-2128 or 800-852-6822 
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CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 
rate on the fly, read 
position on the 
fly, and. 
much 
more. 


NEW! AutoPCB Release 5 
AutoPCB is a professional quality, PCB design system for the 
PC/AT or SUN and is integrated with AutoCAD. It features 
schematic capture, interactive part placement and route 
editing, and a powerful Al driven autorouter. Release 5 adds 
full support for SMT (component placement on both sides of 
aboard and autorouting to surface-only pads with blind and 
buried vias); automatic packaging (gate and pin assignment); 

automatic back-annotation; fast design rule checking; many 
new interactive graphics features: and the display of photo- 
plotting data. Complete PCB design systems are priced from 
$1295 to $7500. 

Cadisys Corporation 
624 E. Evelyn Ave., Sunnyvale, CA 94086 
Tel. (408) 732-1832 FAX 408-732-4932 
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CY512 
compatible, 
40 pin, +5 volt 
TTL, 8 bit I/O interface me 

to ucomputer. $195 ea ($80/100) “‘\ "Me & 
Prototyping board available. 


Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 
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CHIP COILS | 
DC-DC CONVERTERS 


PULSE TRANSFORMERS 


Our Chip Coils is good for your miniaturization & sur- 
face mounting. DC-DC Converters, pulse transformers 
& band pass filters is now complete with excellent func- 
tions. We also supply choke coils, power chokes, 
linearity coils, toroidal coils, pulse transformers, coupl- 
ing transformers, power transformers and others. Send 
for details today.! 


OEM and Agent 
Inquiries Invited 


ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Rd., Yangmei 32627, 
Taoyuan, Taiwan, R.O.C. 

Tel: (03) 4788088, Telex: 32379 ABCEC 

Fax: (03) 4755503 
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No WAITING FOR COMPLETE, LOW 
PRICED, CHIP COMPONENT KITS 


CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from ipf to .33yuf. CR-1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 100 to 10 megQ. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 


Order by toll-free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD orders, or company P.O’'s with 
approved credit. Call for free detailed brochure. 


. 


COMMUNICATIONS SPECIALISTS, INC. 
} Lf] Leeira goaseet SEAN TIS Vr hg aie 


Entire U.S.A. 1-800-854-0547 
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Analog Circuit Simulation 
NEW IS_SPICE/386 On 386 PC's, $386 


Outperforms 
Workstations 
Increases Speed 
by 200 - 600% 


Circuit Size 
nearly Unlimited 


Supports 287, 387, 
Weitek 1167/3167 


IS_SPICE runs on all 80x86 PC's for only $95.00: 
Performs Complete AC, DC, and Transient Analyses. 


SPICE_NET, $295: Schematic Entry for any SPICE 
simulator. Automatically makes a Complete SPICE 
netlist. Easy to use Menu Drive program included. 


PRE_SPICE, $200: Monte Carlo Analysis, Parameter 
Sweeping and evaluation. Extensive Model Libraries. 


Intu_Scope, $250: A graphics Post Processor that 
works like a digital oscilloscope. Easy to use with the 
most comprehensive set of waveform operations 
available. 


Please Write or Call 


az P.O. Box oe (213) 833-0710 
= San Pedro, CA 30 Day Money 
m usoft 90734-6607 Back Guarantee 
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The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Parallel or Serial interface to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an A/D 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP I/O. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time with the CY325. $75 CMOS $20/1000s. 


SS 


Cybernetic Micro Systems Inc. 


P.O. Box 3000 + San Gregorio, CA 94074 + USA 
Phone: (415) 726-3000 Telex: 910-350-5842 
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for IBM PC/XT/AT/PS2 


Weigh Cost Against Performance 

When you balance cost and performance, EE Designer III gives 
you more features per dollar than any other electronic design 
software package. You get full-featured PCB layout plus sche- 
matic capture, analog/digital circuit simulation, support for 
EMS memory, 45 degree autorouting, and full postprocessing 
functions. EE Designer packages start at $995. 

30 day money back guarantee. Full purchase price refunded 
if not completely satisfied. Call 1-800-553-1177 today to order 
your package. Bank cards welcome. 


i ® 
SS SHasia basen 242 Gibraltar Drive 
FED sunnyvale, CA 94089 
CIRCLE NO 253 


OFFERS HIGH QUALITY 


LOW COST PRODUCTS. 


terminal 


WUXI 
green 


PLCC 


SIMM is a Trade Mark 
of Wang’s 
Laborotories. 


SIMM Socket 


1. SIMM Socket (Special disign) -Signle Row & 
Double Rows (Vertical & Angle) All can be stacked. 

_ PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p 

. Edge Card Connector; -6p. 36p. 50p. 60p. 62p.80p. 
86p. 98p. 100p. 104p. 

4. |.C Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p. 
34p (16p & 18p can be changeable)-4 Rows 

. Shunts (Mini Jumpers) -Open entry, close entry. 

. pin Headers: 2p-40p (Single Row or Double Rows 
Straight or right Angle) 


TTC Shih Hsin Precision Corp. 
Address: No. 234 JUN SHINN STREET, SHU-LIN 


Edge Card 
Connector 


G Ph 


aon 


. TOWN, TAIPEI, TAIWAN, R.O.C. 
TEL: 886-2-6894655, 6894656 
TELEX: 33210 TTCCO FAX: 886-2-6894657 
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87C51 PROGRAMMER $125 


The UPA87C51 converts general purpose program- 
mers to 8751/87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It’s very simple and 
VERY cost effective. 

Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701V0O, 
63705V0 and 8751 and are priced at $65.-$95. 


Logical Systems Corp. 


PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 
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$2295 
RETAIL 


$1695 00 


INTRODUCTORY 
OFFER 


¢ Model PC 3600 
¢ Repeatability .001” 

e Speed at 7” Per Second 
e Vacuum Paper Hold Down 


¢ High Resolution Circles: Suitable for 
PCB Artwork 


(415) 490-8380 ZERICON 


STEVENSON BUSINESS PARK 
BOX 1669 © FREMONT, CA 94538 
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IEEE-488 (GP-IB, HP-IB) FOR 
THE IBM PERSONAL SYSTEM/2™ 
® Control instruments, plotters, and printers. 


@ Supports BASIC, C, FORTRAN and Pascal. 
@ High speed DMA and shared interrupts. 
@ Software library. Risk free guarantee. 


Capital Equipment Corp. 


99 South Bedford St. 
Burlington, MA. 01803 
Call today (617) 273-1818 
CIRCLE NO 257 


80C196 BASED 
SINGLE BOARD COMPUTER 


The CP-196 is based on the high-end 80C196 micro- 
controller on a chip. The board supports up to 60K 
bytes of EPROM/RAM, 8 channel ten-bit A/D con- 
verter, 4 eight-bit parallel ports, 3RS-232/RS-422 
buffered serial ports, 3 time/counters, and is fully 
CMOS. We also feature boards based on the 8051, 
8096, and 68HC11. Available as bare boards or 
assembled and tested. EPROM resident System 
Monitors and BASIC interpreters are also available. 
ALLEN SYSTEMS 
2151 Fairfax Road, Columbus, Ohio 43221 
614-488-7122 
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Schematic and PCB Software 


Create and revise schematics and PCBs quickly and 
simply with HiWIRE-Plus® and your IBM PC. Use 
symbols from HiWIRE-Plus’s extensive library, 
modify them, or create your own quickly and pain- 
lessly. Netlist, bill-of-materials, and design-checking 
utilities are included. HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 
Wintek Corp. 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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sae. 
Nertaltest 


Serial data analysis on your PC. 
Source and monitor modes; data- 
scope and breakout box; ASCII 
and EBCDIC; trigger processing, 
live data display, adjustable buf- 
fer size. Custom cabling included. 


800 562-8378 


Advanced Computer Consulting, Inc. 
700 Harris Street, Suite 101 
Charlottesville, Virginia 22901 
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Z80,000™ AT-BUS SBC (ATZ80K) 

Zilog’s new Z320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance atio MHzwith 1M or 4M 32-bit burst-mode no- 
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
2 RS-232 ports, 24 1/0 lines, 3 16-bit counter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 

Call or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Bivd., Cupertino, CA 95014 
(408) 253-0250 


Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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SCHEMA II 
Schematic Capture 


ERASE 


MEMORY CHIPS 


256K | 64K 

64Kx4 1256Kx4 

Conntel® 
8087 80287 
80387-25Mhz 


In the box with manual and warranty 


BECrREN, 


RE 


ENCRNEESING Ha rcas 


Send for the latest 44-page Relay Engineering Manual from 
Deltrol « Packed with useful information on reliable general 
purpose, magnetic-latching, and time-delay relays « Light, 
medium and heavy duty power loads, including Appliance 
and Industrial-rated units. 


DELTROL 
controls | 


DIVISION OF DELTROL CORP. 
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BULLET-386AT 
THE UNBEATABLE VALUE 


718-353-3353 


P.S. We also buy surplus 


Quick response 


2745 S. 19th St. 
Milwaukee, WI 53215 
Phone 414/671-6800 

Telex 2-6871 
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UNIVERSAL LOGIC PROGRAMMER 


@ PROGRAMS, 
READS, DUPLI- 
CATES, TESTS 
AND SECURES 
HUNDREDS OF 
20- AND 24-PIN 
DEVICES 

@ 23 UNIVERSAL 
PIN DRIVERS 
WITH INDE- 
PENDENT DAC, 
ADC & SLEW 
FUNCTIONS 
PROGRAM AL- 
MOST ANY 
LOGIC DEVICE 

@ MENU DRIVEN 
OPERATION IS 


LOGIC PROGRAMMER | 


ERER EO SERIE ER. BREE 
PELE E BVEE TTS 


FREE Demo Disk: 1-800-553-9119 


SCHEMA’s success is the talk of the CAE industry 


and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 


made SCHEMA a best-selling schematic capture pro- 


gram for engineering professionals the world over. 


ai, ‘“\ow, SCHEMA II is available. 


SCHEMA II sells for $495 and sup- 


ports most common IBM PC/XT/ 


AT configurations. Please call today 
for a free SCHEMA II demo disk. 


TION 


O 


In Texas Call (214) 231-5167 
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« 20 and 25 MHz , PC/AT compatible 
* Wave Mate proprietary BIOS 
¢ State-of-the-art VLSI design 
* Disk cache software included 
¢ PC/XT (Baby AT) form factor 
- 32 Bit ext.16MB interleaved DRAM card 
» Optional 80387 and 80287 
« Optional 2MB static RAM card 
- LIM 4.0 and RAM utility package 
« Made in USA, 2 year warranty 
- No risk -- money back guarantee 
2341 205th Street, #110, 
WAVE MATE INC. Torrance, CA 90501 
Tel: (213)533-8190 Fax: (213)533-5940 
60386 MOTHERBOARDS 
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EASY TO 

LEARN AND 

QUICK TO OPERATE 
@ CONNECTS TO ANY IBM COMPATIBLE VIA PARALLEL PRINTER PORT 
@ EDITS FUSE DATA & TEST VECTORS WITH FULL SCREEN EDITOR 
@ TESTS WITH VECTORS & SECURES AFTER PROGRAMMING 
@ SUPPORTS ALL POPULAR PLD DEVELOPEMENT SOFTWARE 
@ ONLINE HELP FUNCTION @ ONE YEAR WARRANTY 
@ SELF CALIBRATING @ SAME DAY SHIPMENT 
@ JEDEC FILE INPUT & OUTPUT @ GOLD TEXTOOL ZIF IC SOCKET 
@30 DAY MONEY BACK GUARANTEE @ UPDATABLE VIA FLOPPY 
@ EPROM PROGRAMMERS ALSO @ TOLL-FREE TECH SUPPORT 

e@ JUST $798 


CALL FOR FREE DEMO DISK OR INFO 800/225-2102 


PLiIat Li 

BP MICROSYSTEMS 
10681 HADDINGTON #190 HOUSTON, TX 77043 
713/461-9430 TLX: 1561477 FAX: 713/461-7413 
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ADVERTISE 
IN 
PRODUCT 


MART 
AT 
LOW COST 


To advertise in 
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Fill out this form to advertise in Product Mart.  °%°? 
ISSUE(S) REQUESTED 


RATE: 1x 4x 7x 13x 19x 26x 39x 52x 
(Please circle) $855 825 805 725 705 695 685 665 


Company 
Address 
City 

Telephone 


midi@ 


Signature 


AD ENCLOSED 0 AD TO FOLLOW 0 
Mail to: EDN / 275 Washington Street / Newton, MA 02158-1630 


EDN PRODUCT MART appears in every issue — 26x a year! 


Product Mart, call Joanne Dorian, 212/463-6415 
EDN October 27, 1988 


| 20 MHz for<$1500! 


Plug-In Board and Software: 

e Digital Storage Oscilloscope 

e 2 Channel: 10/20 MHz 

e Setups from Keyboard or File 

e Spectrum Analyzer 

e Math Functions 

e Output to Printer, ASCII File 
OFt-2-3. 

e Buffer: 4K, 16K, 128K 

Call to order or for information 


(800) 942-1441 


Master Card and VISA honored 


| . GOLEM SYSTEMS 


1526 Holly Ct., Thousand Oaks, CA 91360 


PERFORMANCE-+PRICE 
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Join Forces 


Combine your 
larger ads with 
EDN Product Mart ads 
for a total 
marketing program. 


* 
EDN Product Mart 
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#1 in 
r — Software 
#1 in Speed 


e Software driven and e Automatic batch/macro file 


upgradable support 

e Direct control by IBM PC/ e Virtual memory -- requires 
XT/AT/PS2 eliminates time no RAM modules even for 
consuming downloading megabit devices. 


- SAILOR-PAL: Universal pin drivers support PALs, GALs, 
PLDs, EPLDs, PEELs, ECLs, EPROMs, PROMs, FPLAs, 
FPLSs and MICROs. Accepts JEDEC files from CUPL, 


AMAZE, ABEL, etc. $1095 - $1895 
SAILOR-2,-8: 2 and 8-socket set/gang high speed 
EPROM programmers, to Mbit devices. $545/$975 


~ ADVIN SYSTEMS INC. Sunnyvale, CA 94086 
(408) 984-8600 » FAX (408) 736-2503 


Please call for free demo disk. 
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-—INDUSTRIALVOCARDS 
Lab, Industrial, and Engineering 1/0 cards for IBM PC/XT/AT 


High Performance Data Acquisition Card (Model 718) 

- emulation of many traditional instruments like digital oscilloscope, X-Y recorder, 
strip chart recorder, datalogger, programmable controller, etc. Functionsinclude: — 
A/D converter (16 single-ended or 8 differential input channel, 12 bit resolution, 60.000 _ 
samples/sec, various input range), D/A converter (2D/A channels), Digital 1/0 (16 
input & output channels. TTL compatible level), Counter/Timer ( Intel 8254, 16 bit - 
programmable counter). (Metrabyte S/W compatible, optional'100,000 samples/sec.) 
$895 : 


Other Lab Cards are available. 
12 bit Multi-Lab (Model 712); A/D, D/A, DIO, Counter $295 


: FREE DEMO DISK 14 bit Super-Lab (Model 714); A/D, D/A, DIO, Counter $495 
Filter designs, plots, and selects component values for active, Prototype Development Card (Model 750): 3290 holes, $70 
passive L-C, and digital filters up to order 30. Full support for built-in basic circuit, independent memory. /O jumper 
Allpass, Elliptic, Bessel, Butterworth, Chebyshev, and Inverse IEEE-488 Interface Card (GPIB) (Model 748) — $395 


On board RAM working space, BASICA & BASIC supported. Powerful 
easy-to use software command set. C & Pascal optional. 
We also have Digital |/O & Counter Card, Relay Actuator & Isolated D/I Card, RS-422 
Card, Stepping Motor Controller Card, XT/AT Slot Extension kits, AMP/MUX Board, 
and more and more. 

Call us for details and turn-key application S/W package works with 


Chebyshev filters. Can design lowpass, highpass, bandpass, 
and bandstop filters. Filter will transform any filter function 
into the Z-domain for digital IIR filters. Screen editor allows 
modification of the transfer function for custom filters. Filter 
does Monte Carlo analysis, Bode and Transient Analysis plots. 


Fully menu driven, Filter is $900 for the IBM PC. above data acquisition cards. (TEL) 408-727-6995 
California Scientific Software | cela, . 
| 473 SAPENA CT. #24 } [f  1-800-541-1975 
160 E. Montecito #E, Sierra Madre, CA 91024 SANTA CLARA, CA 95054 NELTEK. (Orders only, outside CA) 
(818) 355-1094 VISA OR M/C (FAX) 408-727-6996 * 
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~ 5W to 80W DC/DC Converter 
© Compact size, low ripple & noise 
© 1/0 isolation, min. 500VDC 

© Single/dual/triple/quad output 

e High Eff. up to 85% 

© Excellent output regulation 

e Over current & short current protection 


Portable Computer Power Supply 

e Compact size 

e Universal input from 90-260 VAC continue 

e AC/DC, DC/DC, battery charge, all in one 
© Application for LCD/Plasma/EL portable computer 


SPECIAL DESIGN ORDERS ARE WELCOME!! 


KENSMAR INTERNATIONAL ENTERPRISE CO., LTD. 
7Fl-1, No. 160, Sec. 5, Nan-King E. Rd., Taipei, Taiwan, ROC 


Tel: (02)7636651 (REP) P.0.Box 67-822 
Tlx: 29805 KENSMAR Fax: 886-2-7678763 
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dICE-51 


8051 Debugger with In-Circuit-Element 


The CY-8051 in-circuit element replaces the 8051 and com- | 
municates with your IBM-PC over COM1. The powerful 
dynamic user interface provides source code and symbolic 
debugging with easy access to all 8051 spaces. Live keyboard, 
Global Symbol Monitor. Histogram generated during re- 
duced speed execution. Lowest cost, most powerful 8051 — 
design support. $595. Mil spec and CMOS versions available. 


Cybernetic Micro Systems Inc. 


P.O, Box 3000 ¢ San Gregorio, CA 94074 e USA 
Phone: (415) 726-3000 ° Telex: 910-350-5842 
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IBM COMPATIBLE RS232/488 


32 x5 Va" FLOPPY DATA STORAGE 
& TRANSFER SYSTEM 


Custom Engineered 


Toroidal 
Transformers 


Spang Supplies Wittig 
Solutions...Fast! ~~ 


Information Transfer to/from Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 

e Reads & Writes MS DOS Disks 

e RS-232/488 I/O : 

e Rugged Portable Package/battery option 

e ASCII or Full Binary Operation 

e Baud Rate 110 to 38.4K Baud © 

e 360K/720K RAM Cartridge Option 

e Price $895 in Singles—OEM Qtys. $495. _ 
28 other systems with storage from 100K to 42 megabytes. 


At Spang we're more than just a winding 
house, and our extensive experience 
proves it. Our engineers will detail the best 
overall design to meet your exact require- 
ments. For fast solutions, call the toroidal 
transformer experts at Spang, or write for 
our free brochure. 


EREiL-] Power Control 


™ 


p——————__ ANALOG & DIGITAL PERIPHERALS, INC. 
P.O. Box 457 - Sandy Lake, PA 16145 | (ADP) 251 South Mulberry St., Troy, Ohio 45373 
o P.O. Box 499 TWX 810/450-2685 

(442) 376-7545 - FAX 412-376-2249 snacoamen 513/339-2241 FAX 513/339-0070 
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D-CONNECTOR PIONEER 


If you consider the market of D-sub 
connectors in Taiwan too competitive, why 
not shift to the niche market of HIGH 
DENSITY D-CONNECTORS & 
MICROMINIATURE CONNECTOR. We are 
the pioneer in the field of D-connectors in 
Taiwan. For full detalls, please contact us 
today! 


HIGH DENSITY D-CONNECTORS: 
* Crimp Type 15, 26, 44, 62, 78, 104P both Male and Female 
* DIP PCB Type: 15, 26, 44, 62, 78, 104P Male 

* Right Angle Type: 15, 26, 44, 62, 78P Female 
D-MICROMINIATURE CONNECTORS: 

* Plastic Shell: 9, 15, 21, 25, 31, 37, 51P 

* Right Angle Type: 9, 15, 25P Male 

050 SERIES BOARD-TO-BOARD CONNECTORS: 
*" Right Angle Type: 30, 40, 50, 60P 

“ Straight Type: 30, 40, 50, 60P 

D-SUB CONNECTORS: 

* Crimp Type: 9,15, 19, 23, 25, 37, SOP 


{ Wescon/ss:. 


SEE US AT WESCON SHOW 
BOOTH NO. 3072 
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theng Rd., Hsin Chuang, Taipei Hsion, 


- 32433 ABECO. Fax: 886-2-9927801 


LITERATURE 


Book directs you to 
CASE information network 


According to the vendor, if you plan 
for software development, make 
software-tool recommendations, or 
work to improve software quality 
and productivity, you'll find the 
300-pg CASE Industry Directory to 
be the “yellow pages” of software 
automation. In addition to provid- 
ing a useful overview of CASE 
(computer-aided software engineer- 
ing) and a glossary of CASE terms, 
the volume includes sections on 
CASE vendors and products, 
CASE workstations, conferences 
and seminars, consultants, stan- 
dards, recruiters, associations and 
consortiums, research and develop- 
ment, market research, books, and 
articles. $195. 
CASE Outlook, 224 SW First 
Ave, Portland, OR 97204. 
INQUIRE DIRECT 


Databook features 
EEPLD, EEPROM devices 


The company’s 326-pg E? Databook 
presents an extensive line of electri- 
cally reprogrammable PLD and 
memory devices. Besides overviews 
of E2 technology, the publication 
provides specifications, article re- 
prints, design examples, and manu- 
facturing procedures for MIL-STD- 
883C devices. The volume’s four 
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main sections deal with general in- 
formation, PLD products, memory 
products, and packaging informa- 
tion. Specific application notes are 
also included. 
Exel Microelectronics Inc, Box 
49007, San Jose, CA 95161. 
Circle No 460 


Brochure deals with 
frequency synthesizers 


The vendor’s 14-pg technical bro- 
chure discusses l-ysec switching 
frequency synthesizers, detailing 
the Model FS-2000’s technology, 
switching speed, and phase noise. 
Application information includes ra- 
dar and simulators. In addition to 
complete mechanical and electrical 
specifications, the booklet contains 
standard and custom OEM configu- 
ration guides and [EEE-488 pro- 
gramming examples. 
Comstron Corp, 10 Hub Dr, Mel- 
ville, NY 11747. 
Circle No 461 


Catalog features 
panel meters and bar graphs 


Presenting an overview of the ven- 
dor’s digital panel meters and bar 
graphs, this catalog includes re- 
cently added products as well. The 
32-pg manual highlights the “A+” 
Series digital panel meters, which 
are compared in a reference chart. 
This section also describes ac and 


de voltage and current meters, me- 
ter relays, process monitors, a 
counter, BCD monitors, and ther- 
mocouple meters. The second sec- 
tion focuses on the full line of LCD 
bar graphs, standard LCD meter 
relays, LCD “Vu” meters, ac me- 
ters, and programmable LED me- 
ters. | 
Triplett Corp, 1 Triplett Dr, 
Bluffton, OH 45817. 
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ELECTROMAGNETIC 
CLUTCHES AND BRAKES | 


Directory of control devices 


The company’s 160-pg catalog dis- 
cusses its electromagnetic rotary- 
motion control devices, including 
clutches, brakes, tensioning sys- 
tems, clutch couplings, power sup- 
plies, and related products for in- 
dustrial, aerospace, and military ap- 
plications. The book provides com- 
plete technical details, applications, 
specifications, and features for each 
product. In addition to sections on 
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New low cost BoardMaker:™ 


Now 


in-nouse the aforementioned products, the 
book includes sections on failsafe 
brakes, solenoids, and timers. 
Electroid Co, 45 Fadem Rd, 
Springfield, NJ 07081. 
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prototyping 
is truly 
affordable. 


to 3 
#% aioe eee eee 
3 OR erat os 
~ ign ae tan fy 
3% ‘ 55 =e 3 Stans 
paces es FM \ we \ : 


Mills and drills circuits 
in minutes. 


There's no reason to waste time 
and money sending out for proto- 
ape circuit boards any longer. 

ith the new BoardMaker, you Catal 
can make your own prototypes in atalog covers 
youn own lab directly from your strip-chart recorders 


CB CAD—as fast as you need The company’s 52-pg catalog of 
them. strip-chart recorders describes gal- 
No delays or rush charges. | yanometric, event, and servo re- 
BoardMaker engraves single and corders and highlights the Digilog 
double-sided boards, forming con- | Series temperature/humidity re- 


ductor lines as small as 5 mil. 
(There is a throughplate option corders with LCD readouts. The 


too.) publication categorizes more than 

A 2" x 3" board with medium 300 combinations for recording pa- 
density, for example, takes about rameters such as ac and de signals, 
15 minutes. So you a cle ¢ temperature, RH, pressure, wind 
ete. ee 6 velocity, and process control vari- 
save the money spent on outside ables. It also lists many accessories 


sources, along with costly charges | and options, as well as a selection 
for rush service that can't compare | of chart paper. 


with BoardMaker speed. Rustrak Instruments, Route 2 
No chemicals. and Middle Rd, East Greenwich, RI 

BoardMaker is totally mechanical. 02818. 

There are no chemicals, no fumes, Circle No 464 


and no toxicity problems. 

At $5,000, pays for itself fast. 

BoardMaker is revolutionary Brochure focuses on 
because it costs one-sixth the price | Unix-based software 


of first generation prototype The vendor’s 16-pg brochure dis- 


machines—and literally pays for ; 
itself after about a dozen boards. cusses Monitrol, a Unix-based soft- 


For more information, call (415) ware-design framework for the im- 
883-1717 or use the reader card. plementation of a computer-inte- 
grated manufacturing information 

a system. The publication explains 


how the system incorporates indus- 


20A Pamaron Wa try standards, such as 802.3 net- 


Novato, CA 9494 
430 CIRCLE NO 61 


LITERATURE 


Sintx Bored Sofnware 


working, x-windows, and an SQL 
database, for protection against ob- 
solescence. It also describes the 
system’s real-time database, which 
features process graphics, alarm 
logging, report and data entry 
screens, statistical control charting, 
historical data storage, and security 
management. 
Hilco Technologies, 3015 S 
Brentwood, St Louis, MO 63144. 
Circle No 465 


Optical measurement/ 
gauging system specified 
Bulletin 831 provides complete 
specifications for the Quasi-Vision 
Model 871, a noncontact optical 
measurement/gauging system that 
measures multiple gaps, widths, 
and edges to accuracies of 0.0005 
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WORLD'S 
SMALLEST 
SMT QUARTZ 
CRYSTALS & CLOCK 
OSCILLATORS 


24.000 mix 


@ 10KHZ—35MHz @ Hi-temp mounting—260°C 
for 20 seconds @ Shock-resistant, leadless, 
ceramic chip carriers @ Low power use @ Hi- 


stability @ Low aging @ Standard frequencies 
—off the shelf 


Plus, the world’s smallest quariz crystals in ceramic 
and metal carriers with a full range of lead 
configurations for thru-hole mounting. 


AA e'@,  _] 
47iec | 


MICRO CRYSTAL DIVISION / SMH 
35 EAST 21st STREET, NEW YORK, NEW YORK 10010 
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TANTALUM CHIP CAPACITORS 
SURFACE-MOUNT DEVICES 


CIRCLE NO 63 
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morning. 


MIL-STD-883C 
COMPLIANT 


For math-intensive processing, Logic Devices offers a whole 
range of innovative architectural solutions, including these low- 
power CMOS functions. So if your application is pushing data 
rates of 25 MHz and beyond, check out our real-time solutions. 
Call toll free 1-800-851-0767 (in California, 1-800-233-2518) for a 
product catalog, which includes our MIL-STD-883C compliant 
parts. Or write: Logic Devices, Inc., 628 East Evelyn 
Avenue, Sunnyvale, California 94086. Telex 172387. 


16-bit ALU L4C381 ver 
e 16-bit cascadable ALU, with 26ns. flow-through add time. _ : 


e Includes optional pipeline registers. 


¢ Implements add, subtract, accumulate, two’s complement, 
pass and logic operations. 


16-bit multiplier LMU18 


e 16x16 multiplier, with 35ns. multiply time. 
e Non-multiplexed 32-bit output port. 


32-bit barrel shifter/normalizer LSH32 


e 32-input, parallel shifter with 32ns. prop. delay. 


e Implements left, right, or circular shifts, 0 to 32 positions; 
automatically calculates optimum scaling value for maximum accuracy. 


e Separate external shift distance inputs for block floating-point 
applications. 


12-bit multiplier-summer (AxB)+C LMS12 


e 12x12 multiplier, plus 26-bit adder in one package. 
e Cascadable to form 25MHz video filter with broadside coefficient load. 
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Access A 


Twenty Megabyte 


TEXAS MICROSYSTEMS 
-|NC ORPORAT EOD 
10618 Rockley Road * Houston, Texas 77099 
(713) 933-8050 


1-800-627-8700 


Designers and manufacturers of quality 
computers for more than a decade 


88-4 


Memory In... 


©1988, Texas Microsystems Incorporated 
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in. The document describes the 
Qualifiber coherent fiber-optic sen- 
sor that transmits the target image 


to a linear-array CCD chip. 


Dolan-Jenner Industries Inc, 
Box 1020, Woburn, MA 01801. 
Circle No 466 


App notes address 
specialized applications 


This series of application notes ex- 
plains the uses of the vendor’s 
LabView instrumentation and 
analysis software system. The docu- 
ments cover subjects ranging from 
data-flow programming and arrays 
to block-diagramming techniques 
and using specific instrument driv- 
ers. The six notes currently avail- 
able are titled Dataflow Program- 
ming with LabView, 320117-01; An 
Introduction to Arrays with 
LabView, 320122-01; Using Arrays 
with LabView, 320118-01; Methods 
of Block Diagramming with 
LabView: Two Ways to Convert a 
Fortran Program to a G Program, 
820119-01; Shift Registers in 
LabView, 320121-01; and LabView 
Instrument Drivers with the Ki- 
neticSystems 3988 CAMAC Con- 
troller, 320124-01. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. 
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Letter keeps track 

of artificial intelligence 

The feature article of the August 
1988 issue of Artificial Intelligence 
Letter is entitled “Unilever com- 
bines videodisc with expert system 
to produce maintenance advisor 
with high resolution;” it reports on 
how one company has used the 
enormous database capacity of 
video disks to present pages of 
manuals, still photos, and “movies.” 
The Viewpoints section published 
the second part of a 2-part article 
by Dr Bruce E Flinchbaugh, which 
discusses the field of image under- 
standing. Finally, the AI Briefs sec- 


tion provides a calendar of artificial 
intelligence conferences and events 
in August. 

Texas Instruments, Data Sys- 
tems Group, Box 2909, M/S 2222, 
Austin, TX 78769. 
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Booklet presents 

logic analyzer 

A 4-color brochure covers the 
ML4400 400-MHz logic analyzer. It 
mentions the analyzer’s user-se- 
lectable input cards for simultane- 
ous analysis of as many as four indi- 


vidual 8-, 16-, and 32-bit wPs. 
Sereen photos in the publication 
show timing, state-disassembly, 
trigger-sequence, 400-MHz timing, 
configuration, split-screen, trigger- 
word, status, and help functions. 
Arium Corp, 1931 Wright Circle, 
Anaheim, CA 92806. 
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Catalog of switches 
and indicators 


This 47-pg catalog takes stock of a 
complete line of indicators, 
switches, switch/indicators, read- 
outs, and accessories. Its brief 
product descriptions include actual- 
size outline drawings and specifica- 
tions for mounting configurations, 
temperature ranges, voltage read- 
ings, product materials, lamp op- 
tions, panel thicknesses, and switch 
contacts. It also describes custom- 
ized switches. 

Eaton Corp, Aerospace & Com- 
mercial Controls Div, 4201 N 27th 
St, Milwaukee, WI 53216. 
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CONTACT T-MEC TO GET RELIABILITY! 
QUALITY SWITCHES AND 
“Saat geagr oma 


LEVER SWITCHES 
PUSH SWITCHES 
SLIDE SWITCHES - 
ROTARY SLIDE SWITCHES 
ROTARY SWITCHES 
POTENTIOMETERS 
CUSTOMER'S DESIGNS © 
ARE WELCOME! 

SEND YOUR SPECS, 

'T-MEC WILL PROVIDE 


THE BEST YOU NEVER | 
GOT BEFORE. 


TAIWAN MISAKI 
ELECTRONICS 
CO., LTD. 


NO. 88, 

NAN FENG STREET, 
TAOYUAN, TAIWAN, 
R.0.C. 

TEL: 886-3-3612183/5 
TLA: 34676 TMEC 

| FAX: 886-3-3623889 


T-MEC 
| 
| 


i 


ES RR SLAP Aa A EON ee LE SA SEI? CEDIA Git R DRA Rs NR 


CIRCLE NO 65 


FAST DC/DC 


TRANSIENT 
RESPONSE CONVERTERS 


-Current Mode Controlled 
-Excellent Line Regulation F AS j 
‘Wide Input Pane 


DELIVERY 


WATTS SERIES 
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MODELS 
FROM 


INTERNATIONAL POWER DEVICES, INC. 


155 N. BEACON ST., BRIGHTON, MA 02135 
Phone: (617)782-3331 * Fax: (617)782-7416 * Telex: 989-752 


See us at Wescon/88, Booth #5333 
CIRCLE NO 66 
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You got it! Logic Devices. We’re currently the 
one supplier whose SCSI bus controller is ‘ 
compliant with MIL-STD-883¢, Class B. The © 
only one. | 
That means SCSI isn’t just forcommercial- — ~ ee 
grade personal computers anymore. Because © 
now you can put this high-performance architec- 
ture to work in your military designs, where 53C80 
and 5380 controllers have quietly been setting standards. 
For a copy of our CMOS SCSI data manual and 
military product guide, call toll free 1-800-851-0767 
(in CA, 1-800-233-2518). Or write: Logic Devices, Inc., 
628 E. Evelyn Ave., Sunnyvale, CA 94086. Telex 172387. 


LS53C80DMB-2 
e Asynchronous transfer rates up to 2 Mbytes/sec over the full 
military temperature range. 
e The only pin-compatible replacement for the NCR53C80. 


L5380DMB-2 
e Asynchronous transfer rates up to 2 Mbytes/sec over the full 
military temperature range. 
e CMOS pin-compatible replacement for the NUOS NCR5380. 
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The BEST! 
SIMULATOR 
for ANY 
SCHEMATIC 


e 10 picoseconds accuracy 

e over 500,000 gates/sec. © 
e 20,000 gates/1 Mbyte RAM 
e runs on PC/AT and 386 

e used for ASIC designs 


SUSIE™ is assy. language based 
simulator that outperforms mainframe 
simulators: 


L] multiple PLDs 
[|] multiple MPUs 
L] TTL/ECL/CMOS 


Since SUSIE is interactive, you can 
operate switches, load JEDEC and hex 
files and modify design on-the-fly 
without loosing a single second on any 
compilation. SUSIE displays automatical- 
ly all bus conflicts and timing violations. 


e EASY TO LEARN 

e FULLY INTERACTIVE 

e DISPLAYS BUS CONFLICTS 
¢ SHOWS TIMING VIOLATIONS 


TRY IT UW! 


UNCONDITIONAL 30-DAY 
MONEY BACK GUARANTEE 
Ask for a free simulator sample! 


(805) 499-6867 


In Europe, contact Philips: 
TEL: 31-40-785-344, 
FAX: 31-40-786-334 


ALDEC 


Automated Logic Design Co. 
3525 Old Conejo Rd., #111 
Newbury Park, CA 91320 


Dealer Inquiries Invited! 
© 1988 by ALDEC Company 
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Report on use of Envex 
in vacuum applications 


Application Report #12 elucidates 
the high-vacuum, high-temperature 
performance of bearings and struc- 
tural insulation blocks made of En- 
vex polyimide. The first application 
it describes is the development of 
a bearing for the ion-beam monitor 
of a heavy ion accelerator. In the 
second application, it discusses the 
development of electrical insulation 
blocks for a collector ring surround- 
ing the wafer platform of thin-film 
ion-etching equipment. Photo- 
graphs illustrate the text of the re- 
port. 
Rogers Corp, 1 Technology Dr, 
Rogers, CT 06263. 
Circle No 471 


Software and technical 
information for board design 


The Easy program provides techni- 
cal information and software that 
makes designing and implementing 
Multibus II boards easier. The 
package has five parts: the Multibus 
II transport-protocol specification 
and an accompanying guide that de- 
fines a set of services based on the 
message-passing coprocessor; the 
Multibus II interconnect specifica- 
tion, which details the use of the 
address spaces used in board identi- 
fication and configuration; the Mul- 
tibus II initialization and diagnos- 


nc CSU 


Shin 


VGW 


COMPONENTS 
OF 
SUPREME 
QUALITY 


HIGH-PERFORMANCE, 
LIGHTWEIGHT 
COMPACT, 


SHIN-ETSU RARE EARTH MAGNETS 
with their superior properties are beco- 
ming known as high-performance magnets. 
SHIN-ETSU RARE EARTH MAGNETS 
are classified into three types based on 
the raw materials used: CeCO magnets, 
SmCo magnets, and NdFeB magnets, 
Shin-Etsu Chemical is the only company | 
in the world that manufactures all of | 
them in-house. The maximum energy level | 
that the company’s products cover ranges 
from about 10 to 40 MGOe. That means 
the products cover a very wide range of 
specialized applications that require cus- 
tomized attention. 


Shin-Etsu Chemical Co.,Ltd. 
LOS ANGELES 


43! Amapola Avenue, Torrance 
CA 9050! USA Phone.(213)533-8559 
FAX.(213)533-8936 
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tics specification; an application 
note, Designing a Multibus II Cen- 
tral Services Module, and the Multi- 
bus II interconnect design guide, 
which includes a software template 
to implement the vendor’s version 
of interconnect address space. 
Intel Corp, Literature Dept 
GR1-50, Multibus II Easy Program 
W476, 3065 Bowers Ave, Santa 
Clara, CA 95051. 
Circle No 472 


Publication simplifies 
component selection 


The manufacturer’s compact 16-pg 
catalog provides an easy-to-use se- 
lection guide for users of resistive 
components. It lists the latest speci- 
fications and applications for trim- 
ming and precision potentiometers, 
panel controls, resistor networks, 
and chip resistors. The booklet is 
arranged according to component 
types, and it provides schematics 
where appropriate. It also includes 
information about digital contacting 
encoders and stepped attenuators, 
which are recent additions to the 
manufacturer’s line of products. 
Bourns, 200 Columbia Ave, Riv- 
erside, CA 92507. 
Circle No 473 


Communications equipment 
for IBM PC/AT and PS-2 

Divided into sections according to 
product category, the company’s 
Fall/Winter 1988 catalog presents 
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InterTools 
Time Saving Software 
For Embedded System Development 
68000/010/020, 8086/186/286 
68HC11, Z80, V Series 


C Cross Compilers 


¢ Global Optimization ° Utilities include 
Features Linkers, Locators, 

e Produce Re-entrant, Formatters, and Unique 
ROM-able Code ROM Processor 


Cross Assemblers 


e Full Macro Capabilities ¢ Support Relocatable, 
¢ Include Complete Combinable, and 
Utilities Set Absolute Segments 


XDB Cross Debuggers 


¢ Debug atC or Assembly © Powerful Assertion, 
Source Code Level Breakpoint Commands 
e User-Friendly Interface ¢ Direct Command 
and Command Set Interface to Emulator 


Intermetrics, Inc. 

Software Products Division 
733 Concord Avenue 
Cambridge, MA 02138 
(617) 661-0072 

Toll-Free: 1-800-356-3594 


InterTools are available 
for VAX, SUN, Apollo, 

HP, IBM PC, and other 
engineering computers. 


Demo Disks available. 
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ULTRA-RELIABLE 


LOW POWER 
SWITCHING 
POWER 

SUPPLIES 


gern 


As a systems designer requiring low 
power switchers, it’s easy to get crushed 
between Marketing’s demands for reli- 
ability and Purchasing’s demands for 


Standard product. Until now, reliable low _ 


power switching power supplies has 
been the proverbial contradiction 
in terms. 

Well, Power General has the SP series 
solution. These compact, cost effective 
supplies are available at 40, 50, 65, and 
80 watts. They utilize a forward con- 
verter topology, fixed frequency opera- 
tion, and surface mount technology to 
achieve performance features such as: 


™@ > 90,000 hours MTBF 

M@ Meet VDE, UL, CSA standards 
® Indefinite output protection 
®@ High efficiency operation 

@ Input VDE “B” line filters 

@ Small size 

@ Full five year warranty 


Power General, utilizing the latest 
technology to provide complete, in- 
novative solutions to your power needs. 


FREE HANDBOOK! 
Call for your free 
1988 Power Supply 
Handbook 


Put 
Power General 
To Work For You! | 


POWER 
GENERAL 


A SUBSIDIARY OF UNIFTRODE CORPORATION 


152 Will Drive, P.O. Box 189, Canton, MA 02021 
(617) 828-6216 TWX: 710-348-0200 
FAX: 617-828-3215 
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data-acquisition and industrial- 
control products, communications 
boards, waveform-synthesizer 
boards, [EEE-488 boards, and 
power-control boards for the IBM 
PC/AT and PS-2. Each product sec- 
tion contains the product’s features, 
description, a product diagram, 
specifications, and information per- 
tinent to the type of product being 
discussed. General information and 
a list of international distributors 
complete the publication. 
Qua Tech Inc, 478 E Exchange 
St, Akron, OH 44304. 
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Test and measurement 
instruments cataloged 


The 1988-1989 Test & Measurement 
Instrumentation catalog provides 
descriptions, technical specifica- 
tions, illustrations, prices, and or- 
dering information for the vendor’s 
line of signal sources, measurement 
equipment, and related special 
equipment and components. Some 
of the equipment listed includes in- 
struments on a card, WaveTest 
IEEE-488 software, pulse genera- 
tors, and microwave scalar analyz- 
ers. The publication previews the 
25 most recent products and fea- 
tures several introductory sections. 
It also includes 16 selection guides, 
product and model number indexes, 
and descriptions of customer sup- 
port services. 
Wavetek Corp, Box 85434, San 
Diego, CA 92138. 
Circle No 475 


Selection of 
D/A converters 
An 8-pg selection guide, High Per- 
formance D/A Converters, gives 
specifications, pin diagrams, and 
prices for the company’s complete 
line of 12-, 16-, and 18-bit D/A con- 
verters. It provides useful applica- 
tion tips on wiring management, 
power-supply selection, EMI/RFI 
isolation, selecting external compo- 
nents, and driving remote loads. 
The DAC glossary summarizes such 
terms as integral linearity error, 
monotonicity, and unipolar zero- 
error. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. 
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Test and measurement 
instruments classified 


This 4-color catalog describes the 
vendor’s test and measurement in- 
struments. Designed to answer 
many of the customer’s questions, 
the 96-pg book has photos and 
specifications for more than 100 
products, including 15 new instru- 
ments. It also contains a glossary 
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of oscilloscope terms and applica- 
tion notes on such subjects as digi- 
tal and analog oscilloscopes, video 
products, programmable RGB 
video generators, and frequency 
counters. 
Leader Instruments Corp, 380 
Oser Ave, Hauppauge, NY 11788. 
Circle No 477 


Crystal oscillators 
and quartz crystals listed 


The vendor’s catalog presents its 
high-reliability crystal oscillators 
and quartz crystals. The 12-pg 
booklet notes performance specifi- 
cations for more than 50 units. The 
variety in the crystal oscillator sec- 
tion includes oven oscillators and a 
digitally compensated crystal oscil- 
lator, as well as voltage-controlled, 
temperature-compensated voltage- 
controlled, and clock oscillators. 
The quartz-crystal section contains 
surface-mount designs and SC-cut 
units among general-purpose, MIL- 
Spec, vacuum-sealed, and ultra 
high-stability components. 
Bliley Electric Co, Box 3428, 
Erie, PA 16508. 
Circle No 478 


Listing of ADCs 
and “‘references”’ 
The vendor’s 64-pg catalog covers 
its line of voltage references, sine- 
wave references, and A/D convert- 
ers. Data sheets provide electrical 
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tion. 


Pl, Tucson, AZ 85737. 


"When you need power. The right ne for a job is entek. 


The Xentek catalogs are the only “Power Tools” you'll need. They offer the 
_ most extensive line of Power Supplies in the industry. Switching, Linear, 
Tailored and Custom Power Suppl 


er nteks 


X 
Sw 
SERIES | xs Supp 


one al Series 


r of Your System 


(619) 727-0940 * FAX: (619)727-8926 


© 1988 Xentek 
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specifications and performance 
curves. Selection guides, applica- 
tion notes, price information, and 
an explanation of quality-assurance 
processing complete the publica- 


Thaler Corp, 10940 N Stallard 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the electronics in- 
dustry who design, or man- 
age the design of, products 
ranging from circuits to sys- 
tems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, and design tech- 
niques. 


EDN covers new and devel- 
oping technologies to inform 
our readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

e that are immediately or 
imminently available for 
purchase 

e that have technical data 
specified in enough de- 
tail to permit practical 
application 

e for which accurate price 
information is available. 


EDN provides specific ‘how 
to” design information that 
Our readers can use immedi- 
ately. From time to time, 
EDN’s technical editors un- 
dertake special “‘hands on” 
projects that demonstrate 
our commitment to readers’ 
needs for useful information. 


EDN is written by engineers 
for engineering professionals. 


EDN 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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BOOK REVIEW 


A challenge to designers: 
Create usable products 


The Psychology of Everyday 
Things, by Donald A Norman. 257 
pgs; $19.95. ISBN 0-465-06709-3. 
Basic Books Inc, NY, NY, 1988. 


Steven H Leibson, 
Regional Editor 


Electrical engineers rarely receive 

training in the art of designing 
products that people can use. As a 
result, consumers buy VCRs they 
can’t program and business tele- 
phone systems that tie communica- 
tions in knots. In his book The Psy- 
chology of Everyday Things, 
Donald A Norman tries to correct 
that educational omission. He lays 
the blame for hard-to-use products 
squarely on bad design. Even 
though the circuitry inside a prod- 
uct may perform perfectly, if the 
product can’t be used by its con- 
sumer, the design is flawed. 


— Nippon Ceramic IR Sensors and 
- Modules. ee PACE Electronics 


Norman should know. He’s direc- 
tor of the Institute for Cognitive 
Science at the University of Califor- 
nia at San Diego, where he’s also a 
professor. He holds a degree in elec- 
trical engineering from MIT, and he 
spent a half year at MCC, the Mi- 
croelectronics and Computer Tech- 
nology Corp (Austin, TX). 

In the first few chapters of the 
book, Norman explores the ways 
that people interact with objects. 
He covers such topics as short- and 
long-term memory and mapping, 
which is the way we build concep- 
tual models of the relationships be- 
tween controls and the results they 
produce, however accurate or inac- 
curate those models may be. As a 
designer, writes Norman, you must 
accommodate human foibles. 

The final chapters of the book 
challenge you to create usable, in- 
tuitive designs—or, as Norman 
puts it, “user-centered designs.” 
Throughout the book, Norman 


. Nippon Ceramic IR prod- 
- - ucts, distributed in the US by 
- PACE Electronics, are robot 


assembled for high reliability. 


_ TO-5 detectors offer high 
_ sensitivity with a variety of 
element configurations and 
— cut-offs. Assembled modules 
: have low current drain, user- 


PACE ELECTRONIC PRODUCTS 


34 Foley Drive 

- Sodus, New York 14551-0067 
Telephone 800-228-7223 
_ Facsimile 315-483-9480 
/ ©PACE Electronic Products, 1988 Telex 200806 


Low-cost flat packs are ideal 


specified on-times and — 
choice of operating modes. 


for proximity and dispensing 
applications. 

Call PACE for specs, appli- 
cation notes and evaluation 
samples. | 


CIRCLE NO 70 
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sprinkles excellent, often humor- 
ous, examples of products that illus- 
trate his thesis. Some, such as office 
telephones and VCRs, relate di- 
rectly to the electrical engineer’s 
trade. Others, such as a simple door 
or a water faucet, give valuable ex- 
amples of good and bad design in 
everyday objects. These examples 
make the book a practical guide to 
good design and not just an esoteric 
discussion of the war between hu- 
mans and machines. 

In seven short chapters, Donald 
A Norman provides a sound basis 
for good product design from a 
user’s perspective. The book takes 
very little time to read, but you'll 
need years to assimilate and imple- 
ment the ideas he presents. How- 
ever, if you accept and use these 
ideas, you may very well gain that 
intangible edge that allows some 
engineers to design great products 
while the rest merely perpetuate 
mediocrity. 


CIRCLE NO 71 
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1988 Editorial Calendar and Planning Guide 


Issue Recruitment EIDIN 


We’vE TAKEN OPTICAL Disk S 


Call today for information: 


Date Deadline Editorial Emphasis EDN News 
Oct. 27 Oct. 6 CAE, Computers & Peripherals, Integrated Circuits, Wescon '88 Show Preview 
Nov. 10 Oct. 20 Programmable Logic Devices, Integrated Circuits, Test & Measurements, Wescon '88 Show Issue Closing: Oct. 27 
Nov. 24 Nov. 3 Microprocessor Technology Directory Graphics, CAE Mailing: Nov. 17 
Dec. 8 Nov. 16 Product Showcase—Vol. I, Power Sources, Software Closing: Nov. 21 
Dec. 22 Dec. 1 Product Showcase—Vol. II, Computers & Peripherals, Test & Measurement Mailing: Dec. 15 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Mary Beth West (213) 826-5818 
National: Roberta Renard (201) 228-8602 


working prototype of a remarkable new 
erasable optical disk drive system in the 
United States. This breakthrough has posi- 
tioned us for success as we meet the 
demands for increased storage capacity and 
higher reliability in disk drives, taking optical 
disk drive storage technology one step fur- 
ther. But this is just the beginning. 

Our combined strength in both hardware 
and media development gives us the winn- 
ing edge needed to take laser technology 
beyond the norm and eliminate fixed disk’s 
vulnerability to head crashes. With this 
development, we can increase storage 
capacity while offering the convenience of in- 
terchangeable disks. Verbatim’s optical disk 
technology will advance the PC/Workstation 
environment light years ahead of today’s hard 
disk and tape backup based system, but to 


Verbatim V/ do so, we need your help. 


A Kodak Company 


We're looking for experienced profes- 
sionals who want to be directly involved in this 
exciting process of developing a dramatic 


The odds are you'll like us. jew generation of information storage. . . 


440 


TORAGE TECHNOLOGY 


ONE STEP FURTHER 


DEVELOPMENT 
Sr. Mechanical Design Engineer 
Mechanical Design Engineer 
Analog Circuit Design Engineer 
Servo Engineer 
Optical Design Engineer 


Advanced Manufacturing 
Engineer (Optic) 
Test Engineer (front end) 


SUPPORT 


Statistician 


We've also gone one step further by offering 
attractive salaries and exceptional benefits. 
You may send a resume, indicating position 
of interest to: Verbatim Corporation, Dept. 
SS-208, 445 Indio Way, Sunnyvale, CA 
94086. EOE, M/F/H/V. 
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Here’s the equation 
every engineer 
will want to remember 


C=GTE 


To work with the best in C? engineering, and work on projects others will only read about, come to GTE. 
GTE has combined the strengths of three divisions, each contributing to the design, manufacture and installa- 
tion of complete C3 systems. We also specialize in integrating total systems, systems test and evaluation, and 
survivable enduring C? systems that interconnect sensors, command centers and weapons systems via state-of- 
the-art communication networks. For an environment that nurtures creativity and supports your ideas with 
abundant resources, no one equals GTE. 


Software Engineers 


In the various positions available, you will take software specifications, develop top level and detail designs, 
and then implement and test these designs. Other responsibilities include requirements analysis, system integra- 
tion, and field installation. All positions require a BS in either Mathematics, Computer Science, or Electrical 
Engineering (MS a plus), and 2-10 years of applicable experience. For certain positions, a familiarity with PDL, 
C, FORTRAN, ADCCP, TCP/IP VAX, IBM 4341, and/or Litton 3212 is preferred. 


Systems Engineers 


These positions require you to provide support for systems requirements definitions, functional specifications, 
new systems proposals, and investigation of technical problems. You will also generate test plans, procedures 
and reports, and perform trade-off studies and analysis, and participate in hardware and software design reviews. 
All positions require a BSEE (MSEE a plus) and 2-10 years of telecommunications systems experience. 


When you join the best, you will be only 20 minutes away from Boston, home to some of the country’s best 
museums, universities and cultural organizations. You are also less than an hour from New England’s beauti- 
ful beaches and mountains. In addition, we offer a highly competitive salary and benefits package including 
life, health and dental insurance, tuition reimbursement and more. 


For more information about joining the best in C? engineering, send your resume to The Human Resources 
Department, GTE Government Systems, C* Systems, 77 “A” Street, Needham MA 02194. An equal opportu- 
nity employer M/F. US citizenship required. 


G 


EDN October 27, 1988 


44] 


Color is changing the way everyone does busi- 
ness. It could also change your career. In a big way. 

Last year, sales of color monitors beat mono- 
chrome for the first time. The same will happen to 
computer printers. Within the next few years, people 
will be able to buy desktop hardcopy devices that 
deliver high-quality, four-color printing at one-tenth 
the cost of present color hardware. 

From Dataproducts. 

Weve been the most important name in 
computer printers for 26 years, and weve developed 
some of the most advanced technology in the 


industry, including thermal, laser, and an extraordi- 
nary new solid ink process that will change the way 
business sees itself from now on. In color. 

No one else has this. Just us. 

Think what this is likely to do for our future. 

And for yours. This is one revolution you don't 
want to miss. 


Pd Dataproducts. 


Put some color in your work. 


Right now, were looking for creative, experienced Product Development Engineers for the following positions: 
In software: Hardware/Software Systems Integration; Controller Systems Engineers; 
Sr. Firmware/IBM Interface Engineers; Sr. Software Development Engineers; Controller Firmware Design Engineers. 
In electrical: Digital Hardware Engineers; Analog Design Engineers; Test Engineers; Electrical Technicians. 
In mechanical: Staff Designers; Sr. Mechanical Designers; 
Printer/Peripheral Mechanical Engineers; Mechanical Technicians. 
Send your resume to: Dataproducts Corporation, Human Resources, Dept. JH/EDN/ 10-27, 
6200 Canoga Ave., P.O. Box 746, Woodland Hills, CA 91365-0746. Equal Opportunity Employer M/F/H. 
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Join The American Team 


At Micron, we’re committed to making 
American-made memory products the 
standard of the industry, and as part of our 
team, you'll work on the leading edge of 
sub-micron, multi-megabit technology. 
Located in the beautiful foothills of Boise, 
Idaho, Micron offers a state-of-the-art 
environment — both on and off the job — 
and a quality of life, and diversity of 
recreational opportunities, that equals the 
quality of our products. Make a memorable 
career move and choose Micron — the team 
that makes great American memories. 


Engineering Opportunities 


* Device Physics 
Thin Films . 
Implant 
Analytical Chemist. i 
_E-Beam and Optical Lithography 
Field Applications 
‘Test 


eee#eee 


e 


a * Product 


3 _. OA/ FA 

© Material Science | | 

oe Modeling/Simulation/Characterization 
a ry Etch 
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a Full Process/Product Qualification 


Research & Development Projects 


¢ Planar Sub-Micron Contacts/Vias 

¢ Sub-Micron CMOS Transistors 

¢ Reliable Metal Interconnect 

¢ Source, Drain and Poly Self-Aligned Silicide 

¢ Local Interconnection 

« E-Beam Direct Exposure Systems 

« Aggressive N+/P+ Space 

¢ High Pressure Oxidation 

¢ Rapid Thermal Processing 

¢ Multi-Level Metalization 
Ultra-Clean Technology 

« Advanced Metrology 

¢ Hi-Energy Implantation 

¢ Ultra-Thin Dielectric Technology 

¢ 3D Technology 

* Zero SER Technology 

- Facility Automation 


Production 


« CMOS DRAMS (256K, 1M, 4M, 16M) 

* Fast SRAMS (16K, 64K, 256K, 1M) 

¢ High Density Video RAMS (256K, IM) 

- Customer Supplied High Density Logic for _ 
use in Rel Sensitive ee 

* ASM ‘Memory a 


Reliability Qualification 
Advanced Smart Burn-In Se 


5 Million Device Hours Per eee 
Per Part/Per Process 


AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER 
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The leading innovator of consumer 
satellite components is looking for a few 
great engineers to join a winning team. 
The HTS logo "Excellence by Design" 
signifies a dedication to creating 
state-of-the-art designs. 


SOFTWARE ENGINEER 


Minimum 3-years experience in digital 
signal processing. Assembly required, Ca 
plus. Special emphasis on advanced 
digital filtering techniques. 


SYSTEMS ENGINEER 


3-5 years in product development. 
Position requires strong design skills in 
analog and digital, video experience 
preferred. Must be familiar with 
microprocessor based real time control 
applications. Regulatory affairs 
experience a plus. CAD-CAE experience 
required. 


SENIOR SYSTEMS ENGINEER 


6-7 years experience in product 
development. Position requires strong 
design skills in analog and digital, video 
experience preferred. Must be familiar 
with microprocessor based real time 
control applications. Position could 
potentially assume Director level 
responsibilities. 


Send resume with salary history to: 


HIS 


EXCELLENCE BY DESIGN. 


90 Inverness Circle East 
Englewood, CO 80112 


c 
oD 
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The message at Storagelek 
is loud and clear 


The Future 
is at Hand. 


Storage Technology Corporation is moving forward 
as a determined competitor in the information stor- 
age and retrieval industry. We are financially 
healthy. We know our market. We are a leader in 
providing complete solutions to our customers’ 
needs. Currently, we are seeking: 


Software Engineers 


Join the motivated team at StorageTek to architect, 
design and develop advanced software elements 
of new StorageTek products. Requirements include 
a BSEE/BSCS and two or more years experience 
in assembly language, ‘‘C”, or other block level 
languages. Positions are available in the follow- 

ing areas: 


Functional microcode running in advanced RISC 
engines to operate high performance caching 
disk controllers. 


Diagnostic microcode that directly exercises 
hardware to determine proper operation and 
evaluate faults. 


Functional microcode to operate the IPI interface 
of a caching tape controller. 


Software to interface engineering workstations, 
workstations software and integrated mainframe 
design automation applications. 


IBM mainframe software running under MVS/XA 
and MVS/ESA that does functional and perform- 
ance tests of I/O equipment. 


Simulation and modeling software written in a 
generalized simulation language (such as GPSS) 
to model operation of I/O subsystems. 


Logic Design Engineers 


Design and develop advanced intelligent caching 
disk controllers or high speed intelligent tape/disk 
controllers. 


To qualify for these design positions you should 
have a BSEE and 2 years experience in logic 
design and/or CMOS gate array design of micro- 
programmed tape and/or disk controllers. A sub- 
system architecture background is desirable as 
is knowledge of high performance mainframe 
storage systems. 


Power System Engineer 


Join the team who’s developing the next generation 
Data Storage Control Unit. Responsibilities include 
the architecture, specification, design and devel- 
opment of the entire power system. Experience in 
linear and switching power supplies, DC power dis- 
tribution, redundant and battery back-up systems, 
three phase AC power distribution and protection 
required. Knowledge in power system packaging 
and UL/CSA/IEC/FCC requirements also a must. 
The ideal candidate should have a BSEE and 

9 years experience in power systems design 
including a minimum of 5 years in tape or disk 
controller or computer power systems. 

Please send your resume to Jim Meadows, Storage 
Technology Corporation, Department ED59, 2270 
South 88th St., Louisville, Colorado 80028-3159. 
We are an equal opportunity employer. 


The Information Storage 
and Retrieval Company. 
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Some people are never satisfied. 
We need lots of them. 


We're running this ad because we have lots 
of immediate openings at Mentor Graphics. 


The people who do well here are looking to 
break out of the pack. You know the type. 
Rule changers. Rebels. Leaders. People with 

a vision and passion so intense it gets every- 
one else excited. 

In fact, at Mentor Graphics, we work in a con- 
trolled frenzy. Controlled because there is no 
uncertainty about the company’s stability. 
Frenzy because we have an exciting vision of 
the future of design automation. 


Our vision sees a world-class systems solution 
to design tools. A vision where application 
and integration are equally important. 


If you only feel comfortable when challenged, 
explore these immediate opportunities in the 
following areas. 


Product Development 
Engineering Managers 

Software Development Engineers 
QA Engineers 


Marketing 


Product Marketing Managers 
Technical Marketing Engineers 
Technical Writers 


As the leader in electronic design automation, 
Mentor Graphics offers you the opportunity 
to work in a variety of technologies. You 


should have 3 or more years of professional 
experience developing or marketing any of the 
following technologies: 


@ CASE 

= Design Creation 

# Simulation 

# IC Design and Layout 

= PCB Design and Layout 

@ Electronic Packaging 

= Design Management and User 
Interfaces 

# Computer-Aided Documentation 


Satisfied? 


We hope not. Because we want you to learn 
more about the many benefits to a career with 
Mentor Graphics. 


Among these is a choice of lifestyles offered 
in either our Beaverton, Oregon or San Jose, 
California locations. Nestled in the green hills 
of the Pacific Northwest, the serene surround- 
ings of Beaverton provide a healthy balance to 
our fast-paced technical environment. Plus, 
the area boasts a very low cost-of-living. Or 
you can work in our facility in San Jose, the 
nation’s hub of high tech, where you are as 
close to skiing and wine tasting as you are to 
the beautiful Pacific coast. 


To apply, please send your resume to Profes- 
sional Staffing, Mentor Graphics Corporation, 
Dept. 3824, 8500 S.W. Creekside Place, 
Beaverton, Oregon 97005-7191. 


We are an equal opportunity employer com- 
mitted to affirmative action. 


Menor 


Graphics 


Louw idl Ot cnytptente. 
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SEATTLE AREA OPPORTUNITIE 


the future. 


At SpaceLabs, our challenge is to keep up with the con 

need for new approaches in medical instrumentation. W 
established our reputation as a world leader by meeting t 
challenge and providing the health care industry with tl 


highest quality clinical information systems, patient moni- 


toring equipment and ambulatory monitoring products. © 


Now we have achallenge for you: Helpuscontinuetore- __ : 
spond to the needs of the marketplace through the car 


sion of our products and services. 

This industry never stands still and we are growing at a 
rapid pace. We're looking for individuals with the technical _ 
abilities and drive to help us meet the challenge oftechno- | 
logical advancement. If you would like to touch the future, : 
the following opportunities are currently available: —T 


DIGITAL HARDWARE TEAM LEADER , 
Should have design experience with gate arrays, ASIC’ 
surface mount, and microprocessor systems. Familiar- 
ity with PALS, PLA’s and knowledge of major logic fami- 


lies, as well as proven success in meeting EMI penne: | 


ments necessary. 


SOFTWARE ENGINEERING 


Will develop UNIX® -based real-time graphics dane” 


and data acquisition systems involving state of the artnet- _ 
working, graphics processors & laser printers. Experi- | 


ence should include 3+ years developing UNIX® -based _—~ 
_ applications, 3 years “C” and hardware/ driver interface. 


_ PRODUCT DEVELOPMENT MANAGER 


The qualified candidate will have 10 years experience Co 


cluding: low power telemetry systems operating inthe _ 


VHF band, good analog design skillsinlownoise audio 
range, experience in regulatory agency requirements, —__ 


and 3-5 years project/program management in a col 
mercial high-tech electronics environment. 


PROJECT /PROGRAM MANAGEMENT 
Qualified candidates will effectively manage and direct 
a group or groups of interdisciplinary engineers in the 
development of PC-based and/or microprocessor-based | 


medical monitoring equipment, ambulatory monitoring _ 
products, clinical information systems and advanced _ 


_ _ technology monitoring and diagnostics products. 


If you meet the above qualifications, please send your re- 
sume to: SpaceLabs, Inc., Dept. EDN10, P.O. Box 97013, 
Redmond, Washington 98073-9713. Proof of loge ty to 


me the U.S. i ree EOE mitiniy, _ 


You can touc! 


Sperry Commercial Flight Systems 
in Phoenix 


System Software 
Development 


Sperry Commercial Flight Systems Group of 
Honeywell designs and manufactures sophisticated 
electronic systems and products for commercial 
aviation. We offer exciting sik le: that let 
your career take flight. 


We currently have opportunities in System Software 
Development. 


This area involves development of flight software 
for advanced guidance and control systems using 
modular and structured programming techniques. 
You will be involved with algorithms and develop- 
ment of real-time programs in both assembly and 
high-order languages with subsequent integration 
of hardware. To qualify, you should have a BSEE 
degree or a BS degree in computer science and at 
least three years of experience. 


Take advantage of this opportunity. Honeywell 
offers you a generous salary and benefits package. 
To be considered send your resume to Professional 
Employment, Honeywell, (EDN-S109), P.O. Box 
21111, M/S DV5C, Phoenix, AZ 85036. 


Honeywell 


HELPING YOU CONTROL: YOUR WORE 


Equal Employment Opportunity 
Affirmative Action Employer 


If Youre Looking 
For a Job, 
You've Come to 


The Right Place. 


EDN CAREER 
OPPORTUNITIES 


EIDIN 
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THE SMART MOVE 


SYNEKTRON brings intelligence to motion systems. We are a high volume manufac- 
turer of intelligent-motion and motor-control products that are in ever-increasing 
demand by companies in the computer peripheral, energy management and instrumen- 
tation markets. It could be a smart career move to examine the following opportunities: 


DESIGN ENGINEER 
You will support design engineering by solving specific technical issues on individual 
product developments. Includes documenting solutions and insuring they are incorpo- 
rated in the drawing package and determining impact of gained knowledge on all 
current or planned products. Requires a BS in Mechanical or Electrical Engineering, or 
Applied Physics, a theoretical background in mechanics and dynamics, and the ability 
to model physical phenomena ona PC. Ability to design meaningful experiments using 
electronic instrumentation necessary, experience in high volume production preferred. 


MECHANICAL DESIGNER /ENGINEER 
You will support design engineering by providing detailing of conceptual layouts. 
Includes verifying dimensions and tolerances of individual parts and tolerances related 
to the completed design when parts are integrated, as well as producing detailed 
drawings. Requires 6 year’s experience in mechanical drafting, or BSME with emphasis 
in design and theoretical background to analyze mechanics/dynamics problems. 


MANUFACTURING ENGINEER 
Will ensure manufacturability of new and existing products, direct procurement and 
implementation of capital equipment, and participate in cost reduction programs. Will 
also design tooling, test, and assembly fixtures, as well as development of methods, pro- 
cedures, materials, and standards. Requires a BSME, or equivalent, and related 
experience in an electromechanical manufacturing environment. Knowledge of auto- 
mated factories, clean environments, flexible systems, precision systems, and MRP is 


beneficial. 


ELECTRICAL TEST ENGINEER 
You will design equipment, devise and perform procedures and electromechanical tests 
to verify design and manufacturing processes through product life in a high volume 
production environment. Includes specifying test requirments, procedures and condi- 
tons, as well as ensuring accurate data collection. Requires a BS in Electrical Engineer- 
ing, or equivalent, a background in electromechanical systems design, and experience 
developing complex,. precision electromechanical assemblies. Must be able to use 
computer aided design tools and program desk top computers. 


Our products incorporate the latest electromagnetics, power electronics, mechanical 
deign and control technologies. Our opportunities incorporate a focused, creative and 
learning environment that’s complimented by the superior lifestyle of the Pacific 
Northwest. 


For immediate consideration, send your resume in confidence, to: SYNEKTRON COR- 
PORATION, Human Resources Department, 12000 SW Garden Place, Portland, OR 


97223. We are an equal opportunity employer. Principals only. 
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b-hunti 
shouldnt bea 
wild goose chas 


C. 


Running all over , > Se : > 
town for interview — ee | | ee Ci 
appointments is | 

for the birds. 

BPI TECH FAIR® 


Visit BPI TECH FAIR® 
And stop giving your career 
the run-around. 


lets experienced 
engineers, computer, 
DP/MIS or software 
professionals 2 Rasentmnilrencan 8 575 4 
interview with dozens 
of companies at one time. In one place. 
Each BPI TECH FAIR brings recruiters 
and line management from top local 
and national technical companies to your 
area. They’re looking for experienced 
professionals like you. You’ll get a chance 
to meet with many companies. Learn 
about other career opportunities. And save 
yourself a lot of time. 
BPI TECH FAIR is completely 
confidential. There’s no registration. 
And we’re not an employment agency. So 
there’s no fee. 
If you’re an experienced engineer, 
computer, DP/MIS or software professional, 
plan to attend the next BPI TECH FAIR. 
We'll take the hunt out of your job hunting. 


SEARCH ME! On your PC or terminal 
AD 


and modem, enter the 
password “BPI.” 


For on-line technical 
career opportunities and 
— Search AdLine often, as 
to transmit your resume: : ; 
: companies are continually 


DIAL 612-941-3957 being added to the system. 


Nation’s #1 rated career event. 


Hee ee @ 
eq eee is. 

Gai = S= 

BPI 100 North Seventh Street * Minneapolis, MN 55403 ¢ (612) 890-5561 


1988 Schedule: Boston/Braintree — Jan. 11-12/Jan.13, Orlando — Jan. 18-19, Washington, D.C. — Feb. 1-2, Long Island — Feb. 8-9, Denver — Feb. 22-23, Minneapolis — Feb. 29-March 1, Washington, 
D.C. — EEO — March 7-8, Phoenix — March 14-15, Boston — March 21-22, Dallas — March 28-29, Los Angeles — April 11-12, Rockville, MD — April 13-14, Meadowlands, NJ — April 18-19, Chicago — 
April 25-26, Houston — May 2-3, Santa Clara — May 9-10, San Diego — May 16-17, Detroit — May 23-24, North Haven, CT — June 6-7, Washington, D.C. — AFCEA/EEQ — June 14-15, Boston — June 20- 
21, Huntsville, AL — June 27-28, St. Louis — July 18-19, Washington, D.C. — July 25-26, Phoenix — August 1-2, Los Angeles — August 8-9, Columbia, MD —- August 15-16, Boston/Braintree — August 22-23/ 
August 24, Denver — August 29-30, Washington, D.C. — Sept. 12-13, Long Island — Sept. 19-20, Santa Clara — Sept. 26-27, Minneapolis — October 3-4, Chicago — EEO — October 10-11, Los Angeles — 
October 17-18, Dallas — October 24-25, Boston — November 14-15, Washington, D.C. — November 21-22, Orlando — December 5-6. 
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The Next Legend 
at Edwards 
Could Be Yours 


No place on earth has seen more aviation legends in the making than the Edwards Flight Test 
Range. And no company is more in the center of the action at Edwards than CSC. tyar, 


because were the Engineering and Technical Support Services contractor at the Edwards Air 
Force Flight Test Center. We work side-by-side with the Air Force on the development, operation 
and maintenance of flight test equipment and data processing systems. So every opportunity at 
CSC is an opportunity to make history on the range. 


Technical Support Engineer ~* 

A solid electronics background including 4+ years direct Gould/SEL hardware experience In a 
lead capacity qualifies you for this technical engineering position. Maintenance on the 32/67 
and 32/97 series and related peripherals is required. The application supports real-time aircraft 
missions involving telemetry, front-end systems and their interface with Gould/SEL computers. 
Multiple positions available. 


Flight Test Engineers 

An engineering degree and 2+ years flight test work is required for this position supporting alr- 
borne test programs. Qualified candidates will be responsible for preparation of flight test plans 
and reports, preliminary data analysis and real-time data monitoring, and quality control of post 
flight data. 


Microwave Engineers 

Requires at least 4 years experience in the design, modification, and/or maintenance of 
microwave systems. Must have experience in RF/automated test equipment, voice/data com- 
munication systems, multi-hop microwave and fiber optics. BSEE or equivalent required. 


VAX Systems Manager 

BS EE or CS with 4+ years VAX experience. Candidate will be responsible for system level soft- 
ware, tuning, system performance, capacity planning, and SW configuration management. 
Knowledge of VAX 11/780-5, VMS, FORTRAN, Macro, and Assembly is required. Experience 
testing new SW modules, system security, and Avionics would be helpful. 


VAX Programmer Analyst 

BS CS or IS with 3-5 years experience in one or more of the following: VAX 11/780-5, Cyber 
computers, ORACLE, System 2000, dBase II programming, or other 4GL. Application area 
must be business applications including Financial Management, Planning, Estimating, and/or 
Proposals. COBOL and FORTRAN knowledge is required. 


Senior Hardware Engineer 

BS Engineering with 6+ years experience with Gould/SEL 32/67 or 97 computers. Candidate 
will be HW analyst responsible for modifications and new design proposals. Knowledge of 
MPX and UTX required and experience in telemetry, fiber optics, and real-time data acquistion 
helpful. Position requires a TOP SECRET CLEARANCE. 


CSC offers highly competitive salaries and a comprehensive benefits program. Plus an environ- 
ment that can bring out the legend maker in you. Get started today by calling or sending your 
resume to: Tom Pantall, Computer Sciences Corporation, Edwards Air Force Base, 
Dept. EDN1027, P.O. Box 0446, Edwards, CA 93523, (805) 277-4900. Equal Opportunity 
Employer. U.S. citizenship may be required. 


ans 
tes oa Ye: 


Computer Sciences Corporation 
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With EDN'’s 
FREE 
Wniter’s Guide! 


Would you like to get paid for 
sharing your clever engineering 
ideas and methods with your 
professional colleagues? If so, 
then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and 
experience of a professional 
writer. And you don't need to 
know publishing jargon. All you 
do need are a little perseverance, 
your engineering skills, and the | 
ability to communicate your 
ideas clearly. 

Our new writer’s guide takes 
the mystery and intimidation out 
of writing for a publication. It 
shows you how to write for EDN 
using skills you already have. 
Plus, it takes you step-by-step 
through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 


Get your FREE copy of EDN’s 
writers guide by circling number 
800 on the Information Retrieval 
Service Card or by calling Sharon 
Gildea at (617) 964-3030. 
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‘TM A TRUE BELIEVER 
IN THE POWER 
OF EDN MAGAZINE. 


Robert E. Sanders 
Manager, Marketing Communications 
Rogers Corporation 


Bob Sanders is a pro at marketing materials and 
components for Rogers Corporation, a worldwide leader 
with divisions from Connecticut to Arizona. To do the 
best job, he uses EDN magazine. 


How come? 


“EDN never fails for us. The magazine is targeted to 
markets we want to reach, like industrial controls and 
telecommunications. The result is unsurpassed inquiries 
for sales lead follow-up.” 


Sanders has seen it time and 
again. That’s why EDN mag- 
azine makes his schedule 

sonar comm every time. “We've advertised 
Sees ~*~ in EDN for well over a 


sgh, toe 
pee 


CATR 
AIOE 


Se decade, and whether our 

: = budget is large, medium or 
rather small, EDN magazine 
is consistently right there 
pulling for us.” 


ys 
Fagsd wed TRH SAF 


Advertising in EDN magazine works for 
Rogers Corporation. It can work for you. 


Where Advertising Works 


452 


LOOKING AHEAD 


US electronics shipments up 
16% in first half of 1988 


Total US electronic shipments 
reached $125 billion for the first half 
of this year, up 16% from the $107 
billion figure for the same period 
in 1987, according to the Electron- 
ics Industries Association (Wash- 
ington, DC). The association said 
that a number of factors contrib- 
uted to this healthy growth rate, 
including increased exports of elec- 
tronic products and the general per- 
formance of the US economy as a 
~ whole. 

When analyzed according to in- 
dustry-group category, both the 
electronic-component sector and 
the computer and industrial elec- 
tronics sector had growth rates of 
more than 20%. Electronic-compo- 
nent shipments for the first half of 
the year totaled $24.2 billion, up 
from a 1987 figure of $20.1 billion. 
Computers and industrial electron- 
ics registered $41.3 billion; the 1987 
number was $34.3 billion. 

Sales of consumer electronics 


3'4-in. flexible drives 
to claim 82% of 1992 market 


Inspired by IBM’s endorsement of 
the 3'4-in. format, the market for 
3'/-in. flexible-disk drives is boom- 
ing, and the boom will continue, ac- 
cording to Dataquest Inc (San Jose, 
CA). In 1987, 3%-in. flexible-disk 
drives accounted for just 38% of the 
market; 5'%-in. drives claimed the 
62% majority. (Dataquest consid- 
ered shipments of 8-in. drives to be 
negligible for the purposes of this 
study). The crossover point in 
worldwide market share should oc- 
cur in 1989 when 3’4-in. drives will 
gain 58% of the market; by 1992, 
those drives will have a full 82% of 
the market. By April of this year, 
23 computer companies were offer- 
ing 63 models containing 3’/-in. 
flexible-disk drives. 

Dataquest predicts that the ratio 
of computer shipments to flexible- 
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US ELECTRONIC SHIPMENTS 
1988 (ESTIMATE) 


$ BILLION 


COMMUNICATIONS 


CONSUMER COMPUTER & 
ELECTRONICS EQUIPMENT INDUSTRIAL 
ELECTRONIC OTHER ELECTRONICS 

COMPONENTS RELATED PRODUCTS/SERVICES 


amounted to approximately $3.2 bil- 
lion for the first half of 1988; the 
first six months of 1987 brought 
sales of $2.7 billion in this sector. 
The communications equipment 
sector increased its sales by 11% in 
the first half of this year. This sec- 
tor accounted for $33.2 billion in 
sales compared to a 1987 6-month 


44% 
56% 


312-IN. 
aN 


38% 
62% 


NOTE: _ 


58% 
12 2 


figure of $29.9 billion. 

Other electronic products and 
services make up the fifth and last 
sector in EJA’s analysis. This area 
turned in sales for the first half of 
1988 that totaled $23.1 billion, up 
10.5% from the $20.9 billion re- 
ported for the same period last 
year. 


1992 _ 
82% 
18% 


on 
Te 
2am 


|| 1990 
68% - 
32% 


: SHIPMENTS OF 8-IN. FLEXIBLE- DISk DRIVES ARE CONSIDERED TO BE : NEGLIGIBLE. . 


disk-drive shipments will decline to 
somewhere between 1:1.4 to 1:1 
(worst case) within the next five 
years. For worldwide computer 
shipments of 18 million units this 
year, the market research firm esti- 
mates shipments of 25 million flex- 
ible-disk drives. In 1992, for 28 mil- 
lion computer units, the worst case 
would be 28 million flexible-disk 
drives—the best case would regis- 
ter 39 million drives shipped. Al- 
though the drop in the ratio seems 


(SOURCE: DATAQUEST TING) 


to reflect a negative trend, the up- 
ward movement in the computer 
market will probably more than off- 
set that trend. 

Prices should drop significantly in 
the next few years. This year, the 
average factory selling price for 3’A- 
in. flexible drives is $56 (5%4-in. 
drives cost about the same). By 
1990, a 3'4-in. flexible-disk drive 
purchased from the factory should 
cost about $49. The price should 
drop another $5 by 1992 to $44. 
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Amplifier Arsenat 


50KHz—2000MHz, Low Noise 250mWoutput Gain Controlled trom $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye SPECIFICATIONS 
when we introduced it last year. Now we've added more MODEL FREQUENCY GAIN, dB MAX. POWER NF PRICE $ 
"a: . . . Zz 
models to offer you a competitive edge in the continuing (min. dBm(typ) dB(typ) Ea. Aly. 
battle for systems improvement. | ZFL-500 0.05-500 20 +9 53 69.95 1-24 
The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm ZFL-500LN 0.1-500 24 +5 2.9 79.95 1-24 
is Oi ZFL-750 0.2-750 18 +9 6.0 74.95 1-24 
output and Is paced s only $219. ZFL-1000 0.1-1000 17 +9 6.0 79.95 1-24 
Need more output? Our ZFL-1000H, flat from 10 to ZFL-1000G* 10-1000 17 +3 120 199.00 1-9 
1000MHz, delivers +20dBm output. ZFL-1000H 10-1000 28 +20 5.0 219.00 1-9 
Is low noise a critical factor: Our ZFL-SOOLN and 1000LN SE SR OAER arise 7 ee of a a 
boast a 2.9dB NF. ZFL-1000VH 10-1000 20 +25 a a 1-9 
vet ZFL-2000 10-2000 20 +17** 7. 219.00 1-9 
Variable gain important? Our ZFL-1000G, flat from 10 to * 30dB gain control **+15dBm below 1000MHz 


1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. 

searching for a high-quality, low-cost amplifier? Our 3 
ZFL-500 flat from SOKHz to SOOM#H2z, delivers +10dBm output een : 
for the unbelievable low price of only $69.95. Need to go _—7 f FY gn 
higher in frequency? Consider the ZFL-750, from 0.2 to Lae EWE ee , rc ui its 
7T50MEz, for only $74.95. Or the $79.95 ZFL-1000, spanning wee eae ee A Division of Scientific Components Corporation 


0.1 to 1000 MHz P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
; Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


One week delivery...one year guarantee. 
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Here's the test circuit. 


sean’ "irises ns 


Here's the test waveform 
of 
the HEXFET under 
avalanche. 


You're looking at the avalanche withstand And with that extra margin of safety, HEXFETs 
Capability of a HEXFET — something few add more value to your system. What's more, 
designers know and appreciate about the we're the only major power MOSFET 

inherent ruggedness of IR’s power MOSFET. manufacturer to specify avalanche capability 


Fact is, we put every HEXFET we make through in writing. And because we test every device, 
its own avalanche test before shipment. we can guarantee It. 

It's just another little secret why HEXFETs It's one more reason why HEXFETs are today’s 
Survive where others fail. quality choice. Call or write us for data. 


International 
epee Rectifier 

POWER MOSFETs! ee i 

WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, 

U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 


EUROPEAN HEADQUARTERS: HURST GREEN. OXTED. SURREY RH8 9BB, 
ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 
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DASH O 
VENDORS, 


FutureNet® DASH™ Schematic 
Designer gives you options no 

other schematic capture package 
can. With more than one hundred 
DASH-Partners providing a broad 
range of complementary products 
and services, DASH's industry- 
Standard format is accepted virtually 
everywhere. So you won't end up 
with just a schematic. When you 
design with DASH, you'll have more 
choices in technologies, CAE sys- 
tems, foundries, and service bureaus. 
DASH is a universal front end design 
tool that has already opened doors for 
thousands of users worldwide. 


AN OPEN DOOR TO ASIC VENDORS. 
DASH has won the support of dozens 
of ASIC vendors, including National 
Semiconductor, Mitsubishi, Motorola, 
LSI Logic, MMI, Hitachi, and Xilinx. 
They provide vendor-specific symbol 
libraries and/or accept DASH net lists 
for simulation so you can design 


ENS DOORS TO MORE 


RVICES, AND SYSTEMS. 


DASH runs on 80386 and 80286 machines, IBM® 


personal computers, and the Sun-3 Series. 


ASICs in DASH. Whatever your 
choice of vendor or technology— 
PLDs, LCAs, gate arrays, or other 
semicustom devices—DASH is the 
schematic entry software of choice. 


AN OPEN DOOR TO CAP SYSTEMS. 
Translators to a wide variety of PCB 
and simulation systems are available 
from FutureNet and our DASH- 
Partners. DASH is the only design 
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entry tool that can be used through- 
out your company, in multiple CAD 
environments, regardless of the mix 
of vendors. 


AN OPEN DOOR TO SERVICE BUREAUS. 
When you don't want to do it all 
yourself, DASH gives you access to 
outside services. Service bureaus 
throughout the world accept the 
DASH net list as standard input for 
their design, wire wrap, and PCB 
manufacturing services. 


FREE DASH EVALUATION PACKAGE. 
Take the first step. Call us today to 
qualify for your free DASH Evaluation 
Package, which includes evaluation 
software and documentation. Dis- 
cover how DASH can open doors 

for you. 


1-800-247-5700 
“Ext. 268 
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